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inventiveness: indispensable ingredient of Space Technology Leadership 

In the achievement of Space Technology Leadership, on-the-shelf hardware and the existing state-of-the-art are not always equal to 
the requirements of advanced missile and space systems. In such challenging situations Space Technology Laboratories responds 
with the full breadth of its resources @ In response to the need for time compression, STL inventiveness produced devices answer. 
ing urgent requirements of advanced space programs conducted for the Air Force Ballistic Missile Division, National Aeronautics 
and Space Administration, and Advanced Research Projects Agency. Among these: Telebit, first digital computer to enter space: 
the first multi-million-mile space communications system of Pioneer V; a continuous-wave radio guidance system and light. 
weight autopilots for Able-series space vehicles; and a low-thrust multi-start space engine for maneuverable satellites @ On this 
foundation of inventiveness STL continues to broaden in scope, translating creative concept into accomplishment for Space Tech. 
nology Leadership @ Outstanding scientists and engineers seeking such an environment are invited to investigate opportunities 
available at STL. Resumes and inquiries will receive meticulous attention. 
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From General Motors...Temperatures Made to Order 


PIPER CALLS HARRISON 
COOL NEW AZTEC 


RELIABLE HARRISON OIL COOLERS 
PROTECT TWIN LYCOMING ENGINES 


For accurate and efficient temperature control 

in the most advanced civilian and military aircraft 
—piston, jet, turbo-prop or gas turbine powered— 
Harrison heat exchangers have been thoroughly 
proved out. That’s why Piper specifies Harrison 
Oil Coolers—with built-in reliability —for the 

new Aztec, its high-performance, twin engine 
executive transport. We call this reliability ... 
“measurable excellence.” [It results from Harrison’s 


“initial design to end use” concept, which makes 
Typical Harrison Formed Plate-Fin Type 


Harrison heat transfer products perform as 


intended . . . for the time required . . . under 
the conditions specified. You'll find this 
reliability in 15 basic types of heat transfer 
construction. This Harrison engineering 
selectivity assures the right design for every 
application. To save time and money on 
your temperature control problems, call in 


a Harrison Sales Engineer at the design stage. 


Harrison Aviation Heat Exchangers—A Quality 
Product of GM Research and Engineering. 
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Frege For an informative 48-page 


brochure on the complete Harrison 
line . . . write to Department 902 
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KNOW THESE 5 
DISTINCTIVE AIRCRAFT 


Although differing in appearance, 
they all have one thing in common... 


NEW BENDIX S-200 MAGNETOS 


Here’s a completely new, widely acclaimed ignition 
unit that provides superior performance and improved 
starting so necessary for today’s 4- and 6-cylinder 
business aircraft. 

In the Bendix® S-200 magneto, a great new design 
concept eliminates the mechanical impulse coupling. 
Replacing it, a retard breaker and battery-operated 
vibrator produce a “‘shower of sparks’’ at the spark plug 
through high voltage induction in the magneto’s second- 


Scintilla Division 


SIDNEY, NEW YORK 
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ary. A combination ignition-starting switch automati- 
cally controls starting and operation of retard breaker, 
magneto and booster. The S-200 magneto is typical 
of Bendix capabilities in delivering superior ignition 
equipment, including magneto systems for aircraft of 
all types and sizes. Write today for complete infor- 
mation on the S-200 magneto or other ignition needs. 


Pictured above: 1. Piper Aztec 2. Cessna180 3. Beechcraft Twin 
Bonanza 4. Bell 47-G2 Helicopter 5. Aero Design—Model 500 
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EDITORIAL 


colt Cooperation vs. Competition (Il 


Ais st fifteen years ago an editorial appeared in the 
then AERONAUTICAL ENGINEERING REVIEW under the 
above title. It suggested that the best interests of all 
would be served by more collaborative action among 
professional and scientific societies. We stated our 
position at that time as follows: “We can, by working 
cooperatively with other groups whose primary interests 
are in other activities, bring combined experience to 
bear for the mutual benefit of all concerned. . . .Com- 
petition among professional societies leads only to 
wasteful duplication of effort and to confusion among 
their members. The Institute will welcome any sug- 
gestions from its members or from other societies which 
will promote cooperation rather than competition.” 

During the intervening years, the theme has been 
repeated many times and demonstrated many times in 
practical form by the inclusion of joint sessions with 
other societies in many IAS programs. Such collabora- 
tion has taken place at all levels—National, Regional, 
and Sectional. Among the groups with whom we 
have worked have been the American Society of 
Mechanical Engineers, the American Helicopter 
Societv, the American Meteorological Society, the 
American Physical Society, the American Rocket 
Society, the Aerospace Medical Society, the Instrument 
Society of America, the Institute of Radio Engineers, 
and many others. Wherever mutuality of interest 
seemed to exist, collaborative action has been under- 
taken. 

With the broadening of the base of professional 
interests among IAS members and the corresponding 
broadening of all IAS activities to enable us to serve 
the professional needs of our members, opportunities 
for cooperative activity have been extended. Our 
Aerospace Technology Panels have a combined member- 
ship of well over 150 of the top professional men in the 
country in fields ranging the whole spectrum of the 
Aerospace Sciences. (Present Panel coverage includes 
Aerodynamics and Fluid Mechanics; <Aeroelasticity ; 
Biomedical Sciences; Communication; Control, Guid- 
ance, and Navigation; Energy Conversion; Flight 
Mechanics; Instrumentation; Meteorology; Nuclear 
Applications; Operations; Propulsion Systems; Space 
Physics; Structures and Materials; Vehicle Design.) 
Uur Planning Committees at all levels have the benefit 
of the best advice that can be had in providing programs 


geared to IAS members’ requirements. The IAS is 
thus in a very strong position not only to serve the 
needs of its own members in the areas of its own 
interests but also to work cooperatively with other 
groups where common interests are involved. We 
have long since been committed to such a policy, and 
our Council's intention is clearly that it should continue 
thus. 

At the June 29 meeting of the Council in Los Angeles, 
a proposal was put forward via the Los Angeles Section 
that some sort of collaborative effort be undertaken 
with respect to the scheduled 1961 IAS Summer 
Meeting and a proposed meeting of the American 
Rocket Society for about the same period. After con- 
sidering the matter at length, the Council agreed that 
overall time and effort might be saved by some degree 
of joint planning for this particular case. Some practical 
difficulties were anticipated, but it was felt that the 
effort was justifiable and that as a result some guide 
lines for future activities might emerge. Specifically, 
the Council made the following alternative proposals: 


(1) Each society schedule three days of meetings in 
the same week, with one day overlap in the middle of 
the week as a joint meeting of the two societies. 

(2) Both societies hold concurrent meetings in the 
same city and select one day on which to hold joint 
sessions. 

(3) ARS cosponsor one day of technical sessions at 
the regular IAS Summer Meeting. 


During the past few months several meetings have 
been held with the Los Angeles representatives of the 
two societies, and agreement has been reached that 
the first proposal above be adopted. Work is now 
under way toward building the separate and combined 
technical programs, and consideration is being given 
to proper physical environment for the meeting. 

A brief progress report on this activity was made in 
the IAS Executive Committee Meeting in New York 
on October 11. Consensus was that the project was 
well worth the effort and that results would be watched 
with great interest. 

Our basic policy was reconfirmed—that wherever 
mutuality of interest exists in areas of professional 
development, more is to be gained by collaboration 
than by competition. SPJ 
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Propulsion Systems—A Survey 


Electric Propulsion for Space Flight 


William R. Mickelsen, Lewis Research Center, NASA 


- POTENTIAL ADVANTAGES of the acceleration of 
electrically charged particles to obtain thrust were 
recognized in 1906 by Dr. Robert H. Goddard and in 
1929 by Prof. Herman Oberth.' It was evident that a 
serious shortcoming of chemical ‘‘fire’’ rockets is the 
enormous rate of propellant consumption m required to 
obtain sufficient thrust 7, since 


T = mv (1) 


where v is the exhaust velocity. For thermodynamic 
and chemical reasons alone, it appears that the exhaust 
velocity of the chemical rocket is limited to less than 
about 5,000 m. sec. so that the chemical rocket will 
continue to require large amounts of propellant for 
long flights in space. In direct contrast, the exhaust 
velocity of the electric rocket is theoretically limited 
only by the speed of light since charged particles can be 
accelerated to very great velocities by electric or 
magnetic fields. 

The substantial reduction in propellant. weight 
offered by the electric rocket is somewhat offset by 
higher electric power requirements as exhaust velocity 
is increased. The propellant mass J/,, can be written 


M mt» = v (2) 
and the power plant mass is 


Myp = aP = (1/2)aTv (3) 


\ PROPELLANT MASS PLUS 


\ POWERPLANT MASS 
\ 
\ 
\\ 
= 
NERPLA 
OWERPLAN 
< 


Fig. 1. Propellant and power-plant mass for fixed thrust, 
propulsion time, and power-plant specific mass. 
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Mr. Mickelsen is Head of the lon Propulsion 
Section at the NASA Lewis Research Center. 
He received a B.S. (Mech. Eng.) from the 
University of Wisconsin in 1948 and an MS, 
(Aero. Eng.) from the Case Institute of Tech- 
nology in 1953. He was a recipient of a 
Rockefeller Public Service Award in 1958, 
under which he did advanced study at the 
University of Cambridge for a year. Mr. 
Mickelsen joined the staff of the Lewis Research 
Center (then under NACA) in 1948, and has 
done research in turbulent combustion, turbu- 
lent diffusion, rocket screaming, and electric 
propulsion. 


where ¢, is the propulsion time, P the output power, and 
a the specific mass of the power plant (kg./kw.). By 
plotting propellant and power-plant masses (for fixed 
T, tp, and a) against exhaust velocity and summing 
these masses as in Fig. 1, it can be seen that overall 
mass reduction is limited by increases in power-plant 
mass. As electric power plants become lighter, it is 
evident that the overall mass reductions offered by 
electric propulsion will become more pronounced. 
With the advent of practical nuclear fission power 
sources, lightweight electric power plants became 
possible. Ina number of excellent papers, Shepard and 
Cleaver? and Stuhlinger*~* have shown that electrically 
propelled spacecraft with nuclear-turboelectric power 
plants are quite feasible and promise to be considerably 
lighter than conventional rockets for interplanetary 
space missions. More recent mission analyses and 
vehicle design studies, discussed in the next sections, 
have shown that electric propulsion promises high 
performance for space missions ranging from Earth 
satellite orbit adjustment to manned space flight and 
deep space instrumented probes. Considerable re- 
search has been done on the electric rocket engine, and 
the status of these propulsion units is described in 
later sections. Most of the material is based on work 
done at the Lewis Research Center; a summary of 
other work is beyond the scope of the present paper. 
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{ brief history of electric propulsion is outlined, together with some fundamental relations 

necessary to the description of electric rocket principles. The salient features of electric spacecraft 
mission analysis are listed, and some recent advances in fast interplanetary flight paths are discussed. 
Eramples of electric power-plant and vehicle design studies are presented. Electrothermal, 

plasma, and ion rocket engines are described in detail, and their research and development status is 


discussed. 


Mission Analysis 


As implied by the preceding discussion, the space 
mission, the power-plant specific mass, and the thrust 
dictate the optimum exhaust velocity for maximum 
payload capacity of electrically propelled spacecraft. 
Although exact mission analysis is very complex, some 
simple approximate relations can serve to illustrate the 
effect of the mission, the thrust, and the exhaust 
velocity on the payload capacity. In 1957, Moeckel® 
pointed out that the optimum exhaust velocity for 
maximum payload capacity could be obtained from a 
simple summation of vehicle components 


8000 16,000 
(A) T/Wo = 1074 


(B) T/W, ; 


Fig. 2. Payload capacity of electric spacecraft for 
minimum-energy Mars round trip (with constant power during 
Propulsion times and with negligible structure weight).!° 


Mo = Mar + Moy + Mop + Myr (4) 


where Mo, Mgr, and My, are the total initial, the 
structure, and the payload masses. Using the previous 
relations for power-plant and payload mass [Eqs. (2) 
and (3)], 


Myy T Tty 1 


M M 2M. Mov (5) 


From this relation, it is evident that, for a given mission 
t, and exhaust velocity, the thrust-to-weight ratio 
T/Wo—-1.e., vehicle acceleration—and the power-plant 
specific mass must be small enough so that the payload- 


\ / 
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(A) POWERED DEPARTURE FROM SATELLITE ORBIT 


LEAVE 
\ MARS 


DFPART 
EARTH 
SUN @ 


)RETURN EARTH 


(B) EARTH-MARS TRANSFERS BY COASTIN 


Fig. 3. Minimum-energy low-thrust trajectory for 
Mars round-trip mission.? 
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Fig. 4. Moeckel’s fast indirect trajectory for Mars 
round trips.!! 
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(B) THRUST PROGRAM 


Fig. 5. Specific impulse and thrust programs for 
500-day Mars round trip with Moeckel’s fast indirect 
trajectory; a = 10 Ibs./kw. and Wp,/W) = 0.2. 
(1) Escape Earth, (2) Earth-Mars transfer, (3) Mars 
descent, (4) exploration, (5) escape Mars, (6) Mars- 
Earth transfer, and (7) Earth descent.!! 
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Fig. 6. Schematic of nuclear-turboelectric power system for electric 
spacecraft.®:!2 
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Fig. 7. Electric spacecraft for Mars round trip.9»10.!? 
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to-total-mass ratio is greater than zero. [or gq 
minimum-energy round trip to Mars, this effec! has 
been demonstrated by Moeckel'® as shown in Fig, 2. 
where the payload capacity is plotted against s} cific 
impulse v g. (g. = 32.2 ft. sec.2> = 9.81 m. sce.?), 
From this figure, it can be seen that with a power-) lant 
specific weight of 40 Ibs. kw. (generator output power), 
a vehicle with very small payload could make the trip 
with 7 Wy = but not with T Wo = 10~°. As 
will be seen later, a = 10 Ibs. kw. is a reasouable 
estimate for power plants based on present techno logy: 


5. 
so, with 7 Il) = 1074, very large payloads cou!d be 
carried. 


The minimum-energy flight path to be followed by 
an electrically propelled spacecraft with a low thrust- 
to-weight ratio is shown schematically in Fig. 3. The 
first part of the trip would be a powered outward spiral 
from a satellite orbit about Earth as shown in Fig, 
3(a). If the Earth-Mars transfer velocity is not 
reached before the gravitational field of the Sun 
becomes important, then all three bodies—the space- 
craft, the Earth, and the Sun—must be considered in 
the equations of motion. Having reached the Earth- 
Mars transfer velocity, the spacecraft would coast 
outward in the gravitational field of the Sun and would 
meet Mars as shown in Fig. 3(b). Reverse thrust 
would then be applied, and the spacecraft would spiral 
downward into a satellite orbit about Mars. A 
waiting time would be required until Earth and 
Mars were in proper relative positions for the return 
trip. 


The round-trip time for the Mars mission with a 
minimum-energy trajectory, and with 7 II) = 107%, 
would take an electric spacecraft about 1,000 days, 
which is only slightly longer than the trip time required 
for a minimum-energy trip chemical rocket. The 
minimum-energy trajectory is not optimum when both 
trip time and payload capacity are considered. Be- 
cause of the complexity of the equations of motion in 
gravitational fields, solutions must be obtained with 
digital computers; and an analytical method for 
trajectory optimization has not been found as yet. 
Moeckel"! recently found a family of trajectories for the 
Mars round trip which have much faster trip times with 
only small reductions in payload capacity. These 
trajectories are indirect, as shown in Fig. 4, and require 
constant power, but variable thrust and_ variable 
exhaust velocity, throughout most of the flight. The 
thrust and the specific impulse v g, programing for a 
500-day Mars round trip is shown in Fig. 5. The 
marked variation of thrust and exhaust velocity 
required for this mission not only illustrates the in- 
adequacy of simplified mission analysis but also shows 
the wide range of operating conditions that may be 
required of electric propulsion systems. As Moeckel 
states in his paper, these trajectories are probably 
still not optimum so that future studies may find 
still faster interplanetary flight paths for electric 
rockets. 
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Power Plant and Vehicle Design 


The discussion so far has emphasized that the weight 
of the electric power plant will have a very important 
effect on the payload capacity (or overall initial mass) 
of electric spacecraft. Because of weight consider- 
atious, it appears at present that the electric power 
plants of most interest for electric spacecraft are the 
nuclear-turboelectric and the solar-turboelectric sys- 
tems. In 1957, English and associates® '* made a 
feasibility study that included fairly detailed design 


estimates of a nuclear-turboelectric power plant 
suitable for manned space vehicles. A schematic 
diagram of this system is shown in Fig. 6. The study 


indicated that sodium would be a good heat-transfer 
fluid and working fluid. To protect the spacecraft 
crew from nuclear radiation, the heat-transfer fluid 
would pass from the fission reactor, through a neutron 
shield, through a heat exchanger, and back to the 
reactor. The working fluid would flow from the heat 
exchanger, through the gamma shield, through the 
evaporator, and into the turbine that would power the 
electric generator. To complete the thermodynamic 
cycle, the vapor leaving the turbine would be condensed 
in a radiator and returned to the heat exchanger. 
With a generator output power of 20,000 kw., the design 
study indicated that the power plant could operate at 
an overall efficiency of 22.7 per cent and would have a 
specific weight of 6 Ibs. kw. The radiator weight of 
this system is based on an estimate of micrometeoroid 
penetration and will be somewhat uncertain until 
accurate micrometeoroid surveys are made in space. 


To obtain such a low power-plant specific weight, it 
may be necessary to integrate the power-plant and 
vehicle designs, particularly with regard to the shielding 
and radiator configurations. A possible spacecraft 
design® | '* is shown in Fig. 7. The reactor is 
positioned at the forward end of the 600-ft. long vehicle 
to reduce the nuclear radiation exposure of the crew. 
The neutron and gamma shields are conical to provide 
a shadow shielding for the rest of the spacecraft. 
With an eight-man crew (10 Ibs. day ‘man for expend- 
able supplies), 50,000 Ibs. of fixed equipment, and a 
40),000-Ib, auxiliary rocket for landing part of the crew 
on Mars, the design study indicated that an output 
power of 11,000 kw. and an initial gross weight of 
about 350,000 Ibs. would be required for the minimum- 


energy Mars round trip discussed previously. This 
is roughly the weight of a modern jet bomber. 
Although the power-plant and vehicle designs 


shown in Figs. 6 and 7 are only feasibility studies, they 
are based on reasonable extrapolations of current 
technology. Needless to say, a number of problems 
require solution before such a spacecraft could be 
constructed and flown. For instance, the radiator 
must be as light as possible and yet sufficiently resistant 
to damage from micrometeoroids. Means for shielding 
the crew from damaging radiation (cosmic rays and 
solar flares) have not been included in the design 
study. Recent estimates'* ' suggest that crew shield- 
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Fig. 12. Effect of electric rocket power efficiency on vehicle per- 
formance, with constant specific i Ise and opti payload. 
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assuming frozen flow through nozzle.!® 
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Fig. 16. Arc-rail plasma accelerator. 
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ing may require quite large increases in weight, which 
would make the electric rocket even more attractive 
for manned space flight. 

Solar-turboelectric power plants are also promising as 
a power source for electric rockets. Ehricke' has 
suggested that a large half-silvered polyester balloon 
might be used as a mirror to concentrate the Sun’s 
heat onto a heat exchanger. Maslen* and Cooley" have 
compared the solar- and nuclear-turboelectric power 
systems for a variety of space missions. Based on 
design study estimates, and depending on the particular 
space mission under consideration, both systems appear 
promising. 

The preceding discussion has concentrated on 
manned interplanetary missions in order to establish 
the long-range practicality of electric propulsion. 
The design studies have been intended for that purpose 
and do not represent definite plans at this time. As 
will be shown in the next section, some space missions 
of more immediate use may require electric propulsion 
systems. A nuclear turboelectric power system, the 
SNAP-8, which is currently under joint development 
by NASA and the Atomic Energy Commission, may 
be used in such missions.” This power plant will 
have flight capability and will have a power of 30 
and 60 kw. with the latter version having a weight of 
about 3,000 Ibs., which corresponds to a_ specific 
weight of 50 Ibs./kw. Since the specific weight of 
nuclear-turboelectric power systems is expected to 
decrease with higher output powers,’ a specific weight 
of 10 lbs./kw. appears reasonable for power levels in 
the megawatt range. 


Space Missions for Electric Rockets 


Electric rockets are adaptable to a number of space 
missions that may be classified as follows: 

(1) Orientation and orbit adjustment of long-life 
satellites. 

(2) Satellite raising. 

(3) Lunar supply ferries. 

(4) Mars and Venus instrumented probes. 

(5) Manned interplanetary flight. 

Meteorological satellites, communications satellites, 
and orbiting telescopes intended for long life may 
require orientation and orbit adjustment. If an 
electric power supply were a part of the payload (for 
communication, instrumentation, etc.), the electric 
rocket could use the power supply for occasional 
corrective thrust. 

An example of a satellite-raising mission is the com- 
munications satellite that would be launched into a 
low orbit (say 300-mile) by a chemical rocket, and then 
would be raised to a 22,000-mile orbit where the orbit 
period is 24 hours (so that the satellite could remain over 
a fixed point on the equator). The performance of an 
electric rocket is compared with that of a chemical 
rocket for the satellite-raising portion of the mission’ 
in Fig. It is assumed here that the 60-kw., 3,000-Ib. 
version of the SNAP-8 nuclear-turboelectric power 
plant would be used to power the communications 


equipment and that a large chemical rocket places the 
9,000-Ib. package into the 300-mile orbit where the 
satellite-raising portion of the mission begins. The 
9,000-Ib. package would include SNAP-S, communica- 
tions equipment and propellant for raising the satellite 
to a higher orbit. If a small high-performance chemi- 
cal rocket were to be used to raise the satellite from the 
300-mile orbit to the 24-hour orbit, not even the SNAP-8 
power supply could be carried when practical staging 
and other factors are considered. If an electric rocket 
(with 100 per cent efficiency) were to be powered by 
the SNAP-S during the raising portion of the mission, 
a considerable amount of communication equipment 
could be carried, as shown in Fig. 8. After reaching 
the 24-hour orbit, the electric rocket would be turned off 
and used only once in a while for minor orbit adjustment, 
so that the SNAP-S power plant could be used very 
nearly full time for communications. 

When manned orbital or lunar stations become a 
reality, it will be necessary to supply these stations. 
An electrically propelled space ferry would perform 
such missions very well because of its large payload 
capacity. For instance, a 72,000-lb. ferry with a 6- 
megawatt power plant could carry a load of 200,000 
Ibs. to the Moon in 52 days and make the empty return 
trip in 8 days.'® 

Before manned space missions to nearby planets 
are made, instrumented unmanned probes may be 
required to observe and measure the conditions along 
the flight path and at the terminal planet. The 
electric rocket is compared with the chemical and 
nuclear rockets for a Mars probe mission'* *° in Fig. 9. 


In this comparison, all three rockets are assumed to 
(Continued on page 36) 


{Al DIAGRAM OF ACCELERATOR 


{8} PHOTOGRAPH 
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accelerator. 
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Aerodynamics & Fluid Mechanics—Help in o Design Problem 


Empirical relations for the prediction of the lift and drag of unswepl three-dimensional jet-flapped wings 


are shown, along with the necessary inputs. 


Plotted data show thal the equations organize lift and drag data 


with a consistency sufficient for preliminary design use in the ranges 1 < Cu < 50,3 < R < 10. 


Empirical Relationships for 


Jet-Flap Lift and Drag Prediction 


D. J. Blakeslee, MIAS, The RAND Corpcration 


- APPLICATION of blowing or suction to the trailing- 
edge flaps of wings has been studied for a number of 
years by many investigators. Such techniques in- 
crease the available lift coefficient at a given angle of 
attack and thus decrease landing or take-off velocities. 

The maximum lift coefficient obtainable from the 
use of suction is that at which all flow separation is 
prevented and the theoretical circulation due to the 
flap is obtained. Flow separation on the flaps may 
also be prevented by blowing tangential to the trailing- 
edge surface of a wing-flap arrangement. To exploit 
these systems fully, it may be necessary to use blowing, 
sucking, or other devices at the leading edge to prevent 
separation in that region. 

In the case of the blowing flap, if the amount of blow- 
ing is increased beyond that necessary to prevent 
separation, additional returns in augmented lift arise 
over the theoretical value for mechanical flaps. It is 
this potentiality that makes the blowing technique 
interesting to consider for STOL aircraft, where very 
high lift coefficients are required. 


Lift Augmentation 


The salient facts of the “additional returns’ from 
the blowing flap are twofold: (1) The rate of increase 
of the lift with the blowing-rate parameter is less than 
that when preventing separation; and (2) the addi- 
tional lift increment is composed of two parts—one 
part is that due to the reactive force of the jet momen- 
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Symbols 
R 
Co 
ACp; 


Cr 


ACL; 


ll 
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He received an A.B. degree (physics) from 
Kalamazoo College and a B.S. degree (aero) 
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RAND in 1953, Mr. Blakeslee was affiliated 
with United Aircraft Corp. as a Research 
Engineer. 


wing aspect ratio 

total drag coefficient, Drag/q,.S 

drag coefficient increment due to asymmetry or 
mechanical flap deflection 

total lift coefficient, Lift/q,S 

lift coefficient increment due to increased circulation 
by the jet 

lift coefficient increment due to asymmetry or 
mechanical flap deflection 

thrust-recovery coefficient 

momentum coefficient, wV;/gq.5 

empirical exponent 

empirical factors 

free-stream dynamic pressure, lbs./ft.* 

wing area, ft.? 

jet velocity, ft./sec. 

rate of weight flow from nozzle, lbs./sec. 

angle of attack, deg. 

angle of jet sheet relative to horizontal, deg. 

a form of Oswald’s induced-drag efficiency factor 

nozzle efficiency, actual thrust /theoretical thrust 
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Eq.(2) exponent,n 
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Fig. 1. Exponent and factor for Eq. (2) vs. aspect ratio. 


tum; the other part is pressure lift set up over the 
wing by the increased circulation due to the deflected 
jet. 

The concept here is appropriate to both jet flaps 
and jet-augmented flaps. That is, the wing may be 
designed not with a mechanical flap but so that a jet 
sheet issues near the trailing edge at an angle relative 
to the wing chord plane, perhaps with the aid of the 
Coanda effect; this might properly be termed a jet 
flap. Or one might have a wing-flap arrangement 
wherein the jet sheet issues near the wing-flap hinge 
line, following the contour of the flap. This can well 
be called a jet-augmented flap when the amount of 


blowing is more than sufficient to prevent flow separa- 
tion. 


Jet-Flap Data for Design 


The main subject of this article is the jet flap, which 
achieves lift coefficients somewhat larger than those 
obtainable from unseparated flow over mechanical 
flaps (without blowing). Much work has been done 
in Britain, France, and the United States during the 
last 5 years on the theoretical and experimental per- 
formance of the jet flap, and some of this work has 
been reported and referenced in previous AEROSPACE 
ENGINEERING articles. Recently, preliminary design 
studies of STOL airplanes utilizing various kinds of 
jet flaps have been conducted. 

But while quite a lot of data from tests of simple 


jet flaps had been accumulated, including three- 
dimensional tests, methods known to the author for 
reducing the drag data did not accommodate large 
amounts of data and did not result in uniformity, 
and no theoretical analysis for large jet stream angles 
had been devised to satisfy the need for predicting the 
drag at different flap angles and momentum coefficients. 
During the course of work at RAND, however, a meas- 
ure of success in such a drag correlation has been 
obtained. The results shown here are limited in that 
they represent help in only a small part of the overall 
design problem for jet-flapped aircraft, but sufficient 
interest has been expressed to make it worth while to 
publish them for general use. This represents the 
basis on which the effects of ground proximity, sweep, 
and trim may be added for the preliminary design. 


Jet-Flap Circulation Lift 


The lift coefficient due to the added circulation is 
easily obtained in a consistent manner from experi- 
mental data. This lift is also analyzed in this paper, 
mostly for the sake of completeness, from the same 
NASA data!~‘ used later for the less obvious drag 
delineation. The total lift coefficient of a jet flap or 
jet-augmented flap is here expressed as 


Ci = Ci(6 = 0) + ACL, + Cr, + oC, sin (6 + @) 
(1) 


The notation follows NASA convention, for the most 
part. The momentum coefficient C, is calculated 
using mass flow through the slot and _ theoretical 
velocity for isentropic flow. The nozzle efficiency 
ny is used to convert the last term to the actual thrust 
reaction in the vertical direction, rather than the 
theoretical, and was calculated from the test data at 
zero jet deflection. This is not intrinsically justifiable, 
in view of unknown losses due to turning, for example. 
However, this device describes the situation realisti- 
cally, and it did succeed in bringing the drag information 
into a more consistent pattern. The information pre- 
sented here is for a = 0 deg. This paper does not 
purport to show an angle-of-attack effect, although 
the maximum Cy, does not occur, in general, at 0 deg. 
The NASA data show the slope of C; vs. a to be roughly 
the same for the range of about 1 < C, < 10. But 
the curves show too many variations to afford generali- 
zation of the angle-of-attack effect; preliminary design 
studies at this point usually use 0-deg. values for 
these reasons and also because this is a practical 
take-off and landing attitude. 

Approximate two-dimensional flap analogy 
theories®: * for the lift of a jet flap show that the lift 
coefficient of a jet flap varies almost according to 
C, and 6. The NASA data used gave rise to 


Cir = K,6C,,” (2) 
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C., from test data by eq (1) 


Fig. 2a. Representation of test data by Eqs. (1) and (2). 


In Fig. 1, where A, and x are plotted, it can be seen 
that the exponent does indeed become as great as ().4 
at an aspect ratio greater than 8. Values of A, and 
n from a single comparable jet-augmented flap test 
program? are included for comparison. For this, 
the wing area includes the mechanical flap area. 
Also the result from data of a single comparable semi- 
span (inboard) nozzle jet flap‘ is shown. The points 
at aspect ratios 2.8 and 5.6 represent a smaller amount 
of test data and are thus less well supported than 
those at 8.4. 

Figs. 2a and 2b are included to show how faithfully 
the test data are represented by Eqs. (1) arid (2), 
and to show the amount of thoroughness with which 
the test model geometries cover the spectrum of interest. 


Jet-Flap Thrust Recovery 


Theoretical and experimental information leads 
one to expect an induced thrust, or thrust recovery, 
which is to say that the horizontal thrust at forward 
velocity is greater than that due to the horizontal 
component of the jet reaction alone. The catch-all 
wing efficiency factor in the induced-drag term will 
include any thrust recovery if nothing further is done 
to the usual drag equation other than the addition of 
a jet-reaction term. Or, the thrust-reaction term 
might be altered to account for some recovery. Both 
of these approaches have been tried, but to the author’s 
knowledge they have not been shown to correlate 
simply a large amount of data over a range of ge- 
ometries and C,. The empirical method shown in 
this paper, however, does fit the information from 
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which it was derived with sufficient fidelity for most 
preliminary design purposes, and the test data used 
are rather diverse in geometry and C,,. 

The total drag coefficient may be expressed as 


Cp = Cp(6 = 0) + ACp, — anC, cos (6 + a) + 
— Cre (3) 


This appears to be a coherent and realistic way to 
express the drag of a jet-flapped wing in the present 
state of knowledge. The reaction term is meant to 
be the actual reaction component, the wing has the 
same “‘aspect-ratio efficiency” (expressed by 7) when 
the jet flap is blowing as when it is not, and any bonus 
in thrust recovery experienced by the wing is meant 
to show up separately in Crz. As in the equation for 
lift coefficient, Eq. (3) is conceptually correct for a 
different from zero, although it is supported in this 
paper only at a = 0. 

And this device does succeed in bringing about a 
pattern of consistency in the test data used. When 
Eqs. (1) and (8) were used to break down the data, 
Cre corresponded fairly well to 


Cre = K2d*C, (4) 


Some credence for this is given by the following. The 
two-dimensional theory of reference 7 (valid for small 
5) shows that jet-flap thrust varies according to C, 
and as a trigonometric function of 6. Notably, how- 
ever, Cre represents a “bonus” in thrust over that 
given by the horizontal component of the jet reaction. 
The difference between the latter and values given by 


Fig. 2b. Representation of test data by Eqs. (1) and (2). 
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Fig. 3. Factor for Eq. (4) vs. aspect ratio. 
the theory of reference 7 for appropriate angles and by 
two-dimensional test values at greater angles can be 
well represented as proportional to 6!-*%. 

The term Ay» is a function of aspect ratio and is 
plotted in Fig. 3. Fig. + is included to show the 


scatter in the comparison of Cr, calculated by 
means of Eq. (4) with Cre from the test data 
themselves. This drag delineation clearly does not 


result in so faithful a representation of the data as 
did the method for lift and should not be used at all 
for values of C, less than about 1.0. The fact that 
the exponent is given as 1.23 rather than 1.20 or 1.25 
must not be construed as implying precision. It is 
just the best representation for the data with this 
simple equation. As was the case with C,,, the aspect- 
ratio variation is better supported by data near R = 
8.4 than at lower values. 

The data from the single applicable jet-augmented- 
flap test were too limited to be used with confidence 
for this purpose. The three usable points gave about 
the same or slightly less thrust recovery than the plain 
jet flap. The single set of half-span data was quite 
inconsistent when analyzed according to Eq. (4), 
with Crg values ranging between +0.05 in the C, 
tange available (C, < 3.6). 

Further speculation on the validity of Eqs. (8) and 
(4) will not be made here. More sensitive drag 
measurements would be necessary to substantiate the 
more detailed analyses that might alter or replace the 
present method. 


Conclusions 


A rather large agglomeration of test points from 
NASA tests of the lift and drag of jet-flapped wings 


is represented by empirical relations with a fidelity 
shown graphically. The principal innovation is that 
a thrust-recovery coefficient can be subtracted from 
the drag-coefficient equation to represent the so-called 
thrust recovery or induced thrust of jet flaps. This 
thrust-recovery coefficient is simply related to jet- 
flap parameters. It is directly proportional to the 
momentum coefficient and varies approximately as a 
simple power of the flap angle. 
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Propulsion Systems—A Simple Test Method 


A simple and consequently inexpensive method of testing jel engines 

and calibrating flight-test instrumentation at simulated flight conditions is presented here. 
The method was developed and used at the Convair-Fort Worth Ground Test Stand 
during the B-58 program. Results proved the method to be a useful tool in 

determining in-flight thrust and analyzing various engine performance parameters. 


Simulated Flight Testing 


of a Cowled Turbojet Engine by Use of an Exhaust Ejector 


J. C. Armstrong, R. W. Flados, and W. T. McKenzie, MIAS 


Convair-Fort Worth, A Division of General Dynamics Corporation 


0..: OF THE most difficult problems in jet aircraft 
flight-test evaluation is to separate engine and aircraft 
effects. It is possible to know quite accurately the 
performance of the aircraft-engine combination and still 
not know which part is contributed by aircraft drag and 
which part by engine thrust. However, to evaluate 
changes and know which areas require the most em- 
phasis, it is necessary to determine individual -effects. 
One key to this is accurate determination of in-flight 
thrust. To obtain in-flight power-plant performance, 
extensive instrumentation is required. Since much of 
the instrumentation is affected by the airframe instal- 
lation, it is desirable to calibrate the instrumentation 
in the environment of a production installation. This 
was accomplished for the Convair B-58 by using a pro- 
duction inboard nacelle with a bellmouth in front of 
the inlet lip mounted in a ground test stand and lowering 
the nozzle exit pressure by use of an ejector-type ex- 
hauster. 

The system was designed to utilize the energy from 
the exhaust jet and thus simulate altitude and flight 
Mach number (engine pressure ratio). 

To simulate engine cruise conditions, it is necessary 
to create a ram pressure ratio (P,,/ Pio) across the engine 
identical to that experienced in flight. By reducing pio 
(the pressure surrounding the convergent-divergent 
exhaust nozzle) by means of an ejector system and by 
maintaining nearly ambient pressure at the compressor 
face, an effective flight Mach number was simulated. 


16 Aerospace Engineering + November 1960 


Mr. Armstrong (left) received his B.S. degree in physics from the Univer- 
sity of Kentucky in 1943 and at that time joined the Lewis Lab. of NACA. 
His work at NACA involved turbojet engine performance evaluation in 
altitude test chambers, especially in the field of high-altitude engine 
starts. He moved to Convair-Fort Worth in 1956 as a Senior Propulsion 
Engineer in the Aerospace Sciences Section of the Engineering Department 
where he has been engaged with ground and flight testing and evaluation 
of the B-58 power pliant and inlet. 


Mr. Flados (center) received his B.S. degree in aeronautical engineering 
from the Georgia School of Technology in 1947. He also has done 
graduate study at Southern Methodist University. Since 1947 he has been 
employed at Convair-Fort Worth as a Performance Engineer and as a 
technical representative to SAC on B-36 cruise control and engine opera- 
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B-58. He has been actively involved in early boost-glide flight path 
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private aviation, having been a pilot, aircraft owner, designer, and builder. 


Mr. McKenzie (right) is a Senior Propulsion Engineer in the Aerospace 
Sciences Section of the Engineering Department at Convair-Fort Worth. 
He received his B.S. degree in mechanical engineering with aeronautical 
option from the University of Oklahoma in 1951,,and has been employed 
at Convair since that time; he also has done graduate work at Southern 
Methodist University. Mr. McKenzie has been interested in internal 
aerodynamics design and testing of the B-58 power plant, specializing in 
exhaust nozzle and ejector design. He is a private pilot and a member of 
the IAS. 


Symbols 
Ag 
N 


Ato 
Finlet 
Ferhau 
F scale 
Fy 


With 
lated 
tude v 

The 
stand 
Howe’ 
engine 
condit 

Pro 
tained 
secon 


Facilit 
Inlet 


Th 
dictat 
(1) 
cent. 
(2) 
simil: 
(3) 
duct 
TI 
mino 
A 
secti 
for 1 
bellr 


>= 
T1s 
Py 
(pro) 
(Po) 
Wi 
Ws 
2 
A, 
Am 
Ata 
Pia 
As 
Po 
my 
| 
: 
A » 
3 f wt 
| 
ae 


Symbols 
As = primary nozzle area 
N = engine r.p.m. 
= T,),/5,186°R. 
T 1s = primary nozzle air total temperature 
Pr = compressor face total pressure 
(pw) = Static pressure in nozzle plenum chamber 
(Po) = atmospheric pressure in test cell 
Ww, = primary nozzle airflow 
We = secondary airflow 
A, = engine inlet area just aft of Aig 
pi = static pressure at A, 
my = air mass flow at A, 
Vi = air velocity at A; 
ae = maximum cross-sectional area of nacelle 
Ata = area of engine inlet just aft of bellmouth rubber 
scale 
Pia = static pressure on aft side of bellmouth rubber seal 
Ay = secondary nozzle exhaust area 
po = static pressure at Ay 
mg = air mass flow at Ag 
Vo = air velocity at Ay 
Ajo = inside cross-sectional area of nozzle plenum chamber 
Finlet = rearward forces on engine-nacelle 
Ferhaust = forward forces on engine-nacelle 
Fyeale resultant force on engine-nacelle ( Fernaust — Finter) 
Fy = gross thrust 


With ambient pressure at the inlet (P;,) and a simu- 
lated flight Mach number of 0.92, the simulated alti- 
tude was about 15,000 ft. 

The test inlet total temperatures were lower than 
standard-day, 15,000-ft., in-flight total temperatures. 
However, this can be corrected for by operating the 
engine at the correct V/+/6 to simulate the desired flight 
condition. 

Proper secondary airflows and pressures were ob- 
tained between the engine and nacelle because of 
secondary nozzle pumping and sealing nacelle leaks. 


Facility 


Inlet 


The nacelle inlet bellmouth design of Fig. 2 was 
dictated by the following requirements: 

(1) Measure absolute inlet airflow within +1 per 
cent. 

(2) Maintain engine inlet total pressure distribution 
similar to that at flight cruise conditions. 

(3) Provide a frictionless seal between bellmouth 
duct and production cowl lip. 

The bellmouth contour is a quarter ellipse with the 
minor axis of the ellipse two thirds of the major axis. 
A 10-in.-long cylinder is attached between the bell 
section and the inlet to provide a parallel flow section 
for measuring airflow. The low losses inherent in a 
bellmouth enable the air to approach the nacelle inlet 


with parallel flow and a uniform total pressure profile 
similar to the inlet conditions during subsonic cruise. 

To ensure accurate thrust measurements, it was 
desirable to isolate the bellmouth from the nacelle. 
This was accomplished by mounting it on a ground- 
supported framework and connecting the adapter duct 
to the cowl lip through a frictionless rubber diaphragm- 
type seal (Fig. 1). The seal imposed only aerodynamic 
forces on the nacelle which can be determined using 
test pressure data. 


Exhauster 


The design of the exhauster was accomplished with 
the aid of reference 2._ By selecting the flow conditions 
covering the subsonic cruise regime for the Convair 
B-58 and introducing the known engine parameters 
such as exhaust nozzle area, mass flow, tailpipe pressure 
and temperature, it was possible to determine the 
best full-scale ejector dimensions. A schematic of 
the ejector exhauster system is presented in Fig. 2. 

A mixing tube 30 in. in diameter and 180 in. long was 
mounted 10 in. downstream of the engine exhaust 
nozzle. Attached to the mixing tube exit was a dif- 
fuser 100 in. long with an exit to inlet area ratio of 2.0. 
The diffuser and mixing tube are shown schematically 
in Fig. 2. (Continued on page 52) 
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Fig. 2. Schematic diagram for force evaluation. 
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Vehicle Design—Results of Some Studies 


Performance and Design Considerations for 


Maneuvering Space Vehicles 


L. W. Warzecha, AFIAS, General Electric Company 


-™ VEHICLE and satellite flights to date have been 
completely ballistic, with no significant maneuvers 
being performed after final stage burnout. Since the 
major fundamental problems of ballistic orbital flight 
are solved or near solution, increasing interest and at- 
tention are now directed toward the prospect of 
maneuvering space vehicle flight. Many excellent 
papers and studies have been presented on the subject 
of orbital rendezvous and guidance, control, propulsion, 
and instrumentation required for rendezvous. This 
paper presents the results of a number of design and per- 
formance studies of maneuvering space vehicles. In 
particular, many numerical results are presented, pro- 
viding an insight into the sizing and magnitude pro- 
portions for vehicles to perform the missions discussed. 


Space Maneuvers 


As considered here, a space maneuver is one occur- 
ring outside the earth’s atmosphere, or one in which the 
primary function is to establish a desired flight path 
for conduct of an operation outside the earth’s atmos- 
phere. 


Space Maneuver Requirements 


In analyzing the performance of space maneuvers 
for initial studies, the parameter of prime importance 
is the required characteristic velocity increment. The 
characteristic velocity determines the requirements and 
design of the maneuver stage propulsion system and 
gross sizing of the vehicle. The characteristic velocity 
is influenced to some extent by the guidance and con- 
trol concept and the equipment mechanization em- 
ployed, but this variation is relatively unimportant to 
the current study. Throughout, an efficient guidance 
and control system is assumed. It is further assumed 
that reasonable time periods are available for accom- 
plishment of maneuvers so that gross inefficiencies do 
not result. 
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Many missions requiring space maneuvers have been 
suggested and discussed. The most important and 
earliest of such missions are listed in Table 1, along 
with significant factors and the required characteristic 
velocity increments. 

Satellite inspection missions will be required for sur- 
veillance, inspection, investigation, and analysis of 
unknown space vehicles or satellites. Retrieval and 
rescue vehicles will be required for return to earth of 
vehicles from space. Enemy vehicles may be captured 
and returned, and valuable payloads, including man, 
may be rescued as necessary. Space ferry missions, 
of course, will ferry men and material to space stations 
and return. These missions are all similar in that 
they require rendezvous maneuvers, will probably be 
initiated at near-orbital velocities, and will consist of a 
single rendezvous operation per flight. It is seen, from 
the required characteristic velocity increments, that 
these missions must be performed from coplanar tra- 
jectories or from angles of 10° or less between tra- 
jectory planes. The number of operations per flight 
must be limited to a minimum, especially since ad- 
ditional operations usually will require operations with 
less favorable initial conditions of relative position and 
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An analysis is made of the required degree of maneuverability for a variely of space missions, including return to the 
earth's surface. Design and performance penalties associaled with high degrees of maneuverability are presented, with 


particular allention directed toward near-earth orbital flight. 


Principal conclusions are as follows: 


(1) Space maneuvers—Initial space maneuvers will be limited by propulsion requirements and will consist of simple 


rendevous and intercept in near-earth orbital flight. 


(2) Orbital return maneuvers—Vehicle landing or recovery maneuvers will be required for landing at a preselected 
stile from a low-altitude orbit on any chosen day, even though that sile may be substantially far away from the 


salellile orbital plane. In most practical cases, recovery maneuvers will be performed more economically by semi- 
ballistic aerodynamic glide than by rocket-powered flight. 


(3) Vehicles—A modular syslem for payload and mission flecibilily can be achieved without significant weight or 


performance penalties. 


trajectory plane inclination. Even so, velocity re- 
quirements of about 5,000 ft./sec. will be common for 
single-rendezvous maneuvers. 

Space search and reconnaissance and patrol missions 
may require rendezvous capability, or, in some cases, 
simply intercept maneuvers. It is highly likely that 
large trajectory plane changes will be required, per- 
haps up to 45 deg. or more. Multiple operations per 
flight, up to 10 or more, will be highly desirable. The 


velocity requirements for these missions are seen to be as » 


high as 200,000 ft./sec., with a probable minimum of 
5,000 ft./see. It is concluded that these missions must 
await major propulsion developments. 

Satellite kill missions will require primarily intercept 
maneuvers, with a single operation per flight, and 
small trajectory plane changes in the terminal stage. 
Characteristic velocity increments will be 5,000 ft./sec. 
orless. An early capability for this mission is evident. 


Characteristic Velocity Requirements 


Studies have been made of the effect of initial con- 
ditions on the characteristic velocity requirements for 
rendezvous. Variations in initial relative range from 
the rendezvous vehicle to the space vehicle, initial 
velocity decrement of rendezvous vehicle from the 
space vehicle, and trajectory planar angle are con- 
sidered. In all cases, an orbital altitude of 200 n.m. 
isused, the rendezvous vehicle is at apogee of a ballistic 
flight at initiation of the rendezvous, and the rendez- 
vous vehicle leads the space vehicle. Initial velocity 
decrements of 1,000 to 5,000 ft./sec. are considered. 
The initial relative range is from 10 to 50 nm., 
and the initial trajectory planar angle is 30° or 
less. Numerical results are presented in Fig. 1. It is 
seen that, as the initial planar angle increases to 30°, 
the effects of initial velocity decrement and relative 
Tange essentially vanish. Under no condition was 
initial relative range a highly significant parameter. 


Space Maneuver Stage Weight 


Maneuver stage sizing studies have been made for a 
number of combinations of initial conditions and maneu- 
ver requirements. Typical results are presented in 
Fig. 2 and 3. The weight of the space maneuver stage 
(not including useful terminal stage weight) is shown 
for characteristic velocity increments of 1,000 to 6,000 
ft./sec. For Fig. 2, the engine specific impulse is 
300 sec., and for Fig. 3, it is 400 sec. In each case fuel 
weight is SO per cent of the total weight of the space 
maneuver stage. The obvious benefit of higher specific 
impulses is evident. 

For a typical case of rendezvous with a 5° plane 
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Fig. 1. Required characteristic velocity increment for orbital rendezvous 
maneuvers at 200 n.m. orbital altitude. 


November 1960 + Aerospace Engineering 19 


? 
* 
~ 
| 
4 
| 


REQUIRED CHARACTERISTIC 
VELOCITY INCREMENT -6000 ft/sec 


14,000 


12,000 
> SPECIFIC IMPULSE —300 SECONDS 
2 FUEL WEIGHT FACTOR-80% 
a 
1 10,000 
x 
° 
4000 
6000 + 
3000 
=] 
WwW 
4 

4000 
2000 
oO 
a 
2000 + 

1000 


ce) 2000 4000 6000 8000 =10,000 
TERMINAL STAGE WEIGHT-POUNDS 


Fig. 2. Space maneuver stage weight. 


change and an initial relative range of 50 n.m., the 
required space maneuver stage weight is presented in 
Fig. 4. For an initial velocity decrement of 5,000 ft./ 
sec., aS was seen in Table | as typical for a retrieval mis- 
sion, the space maneuver stage would weigh about 
7,500 Ibs. in order to maneuver a terminal stage 
weighing 6,000 Ibs. 

In general, it is seen that space maneuver stage 
weights appear quite reasonable for simple, highly con- 
strained, rendezvous missions. Consequently, it is 
evident that space maneuver flights will be limited to 
such less-demanding mission requirements for some 
time, and, indeed, such flight programs are technically 
ready for implementation at an early date. 


Orbital Return Maneuvers 


Maneuvers in orbital return flights have been of 
interest primarily to provide a higher degree of control 
over return trajectory and landing area than is possible 
by purely ballistic flight. Experience to date has 
shown some difficulty in making precise preflight de- 
termination of the orbital parameters to be achieved 
in flight. Thus, in addition to the problem of high 
dispersion in returning on a shallow re-entry trajectory, 
there is relatively little control of landing point, to the 
extent that landing must occur within the orbital 
plane for a nonmaneuvering vehicle. 

The benefits of cross-range maneuver capability dur- 
ing orbital return have been studied extensively. Fig. 
5 shows typical—and significant—tresults. Polar orbits 
are considered, with landing or recovery areas in the 
vicinity of 40° North Latitude. Circular orbits at 
altitudes of 100, 500, and 1,000 n.m. are shown. The 
number of days per month on which return to a pre- 
selected, fixed landing location can occur is shown as a 
function of cross-range maneuver capability. For polar 
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orbits, the curve shows the number of days per nmionth 
at which landing can occur on a North-to-South pass, 
An equal number of opportunities exists on Soutli-to- 
North passes. It is seen that to make an assured day- 
time recovery landing at a preselected site on any 
chosen day of the month from an orbit at 500 n.m, 
altitude requires a cross-range maneuver capability of 
somewhat under 600 n.m. in either direction from the 
orbital flight plane. Aerodynamic glide and oriented 
rocket impulse techniques are evaluated as means of 
providing this cross-range maneuver capability. 


Aerodynamic Glide Maneuver 


One method of attaining the cross-range maneuver 
is by initiating an equilibrium glide early in re-entry 
along a very shallow flight path and banking the vehicle 
to obtain the desired range/cross-range relationship. 
The capability of such an approach is shown in Fig. 
6 as a function of aerodynamic lift-to-drag ratio. 
In this case, for maximum cross-range maneuver, the 
glide is initiated at nearly (99 per cent) orbital velocity 
and the vehicle is banked to approximately 30° for 
maximum cross-range correction. In operating at the 
maximum cross-range capability, necessarily the down- 
range trajectory flexibility has been severely restricted, 
and adjustments must be made in the time and posi- 
tion at which retrorocket firing and orbit ejection occur. 
It is seen from Fig. 6 that a cross-range correction 
capability of 600 n.m. in either direction from the or- 
bital plane requires a lift-to-drag ratio of approximately 
1.3; 1,100 n.m. requires L/D of 2. 

A number of preliminary design and analysis studies 
of aerodynamic glide vehicles have shown payload 
weight fractions (Fig. 7). Payload weight and L/D 
are parameters determining the payload weight frac- 
tion, or payload carrying efficiency, of the vehicle design. 


Oriented Rocket Maneuver 


The effectiveness of providing the required cross- 
range maneuver by properly orienting a rocket pro- 
pulsion impulse at orbit ejection has been considered. 
The effectiveness of this technique is illustrated in Fig. 
&, which shows the required maneuver propulsion 
weight, for a range of cross-range capabilities and for 
selected combinations of propellant specific impulse 
and maneuver stage fuel weight factor. As an ex- 
ample, for a cross-range maneuver of 500 n.m., with 
specific impulse of 300 sec. and fuel weight factor of 
SO per cent, the required propulsion weight is 55 per 
cent of the weight of the basic vehicle being maneu- 
vered. 


Comparison of Aerodynamic and Rocket Maneuvers 


Studies have been made to compare, on a weight 
basis, the effectiveness of the aerodynamic and rocket 
maneuver systems for cross-range corrections. In 
these studies, note has been made of the fact that the 
rocket maneuver vehicle will require some aerodynamic 
lift and guidance and control for final control of flight 
path, inasmuch as the proposed rocket correction 
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Fig. 6. Cross-range maneuver capability by aerodynamic glide. 
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Fig. 7. Payload weight fraction for aerodynamic glide vehicles. 


Table 1. Space Maneuver Requirements 
MISSION TYPE OF ANGLE BETWEEN INITIAL NUMBER OF REQUIRED 
MANEUVER TRAJECTORY VELOCITY OPERATIONS CHARACTERISTIC 
PER FLIGHT VELOCITY 
INCREMENT 
SATELLITE RENDEZ VOUS: NEAR ORBITAL O-1000 tos 
INSPECTION 5-10° NEAR ORBITAL ' 2000 - 5000 fps 
RETRIEVAL / RESCUE | 20- 30° NEAR ORBITAL i 10,000 - 15,000 fps 
FERRY La 20-30° NEAR ORBITAL Ss 50,000 - 75,000 fps 
SPACE SEARCH INTERCEPT | !3-45° ORBITAL ' 5000 - 20,000 fps } 
RECONNAISSANCE / RENDEZVOUS 
| 15-45* ORBITAL 10 50,000 -200,000 to | 
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Fig. 8. Cross-range maneuver capability by rocket propulsion. 
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Fig. 9. 200 n.m. cross-range correction, comparison of methods. 
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Fig. 10. 600 n.m. cross-range correction, comparison of methods. 
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1,000 n.m. cross-range correction, comparison of methods. 
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Fig. 12. Orbital plane precession, comparison of methods. 


would b 
would re 
ditions. 
11, 
600, anc 
tem is b 
weight f 
optinust 
that for 
the two 
is seen 
ver reql 


Orbital | 


A spé 
problem 
the cas 
where t 
and thi 
quire s 
has bee 
kill veh 
maneu\ 
maneu\ 
vehicle 
Fig. 12 
as a fu 
thrust 
dynami 
for-a.4 
pulsion 


Orbital 


A sp 
has bee 
and re 
A capa 
fixed 1c 
bits, re 
maneu 
termin 
landin; 
chosen 
permit 
hardw: 
orbital 
selecte 
partict 
and ff 
quiren 


: 380 +- 
| 
360 + 
340 
320 + 
300 L 
280 
260 
eco 
= 
100 
40 
12,000 
20 
10,000 
00 
3 
/ 
- 
P 
7 
L/0:4 
— 
| 
7 
Z 
' 


would be made before re-entry and trajectory errors 
would result in substantial dispersions at landing con- 
ditions. Typical results are shown by Figs. 9,10, and 
ll, respectively, for cross-range maneuvers of 200, 
600, and 1,000 n.m. For these curves, the rocket sys- 
tem is based on a specific impulse of 300 sec. and a fuel 
weight factor for SO per cent, both of which are probably 
optimistic values for early flight systems. It is seen 
that for small corrections, there is little choice between 
the two methods, whereas a distinct weight advantage 
is seen for the aerodynamic maneuver for larger maneu- 
ver requirements and heavier payloads. 


Orbital Plane Precession 


A special maneuver problem of some interest is the 
problem of orbital plane precession, particularly in 
the case of satellite kill or inspection/retrieval/rescue, 
where the nature of the orbit of the subject vehicle 
and the location of available launch sites may re- 
quire significant plane changes. Brief consideration 
has been given to the concept of placing the satellite 
kill vehicle in a low-altitude orbit and aerodynamically 
maneuvering it into the desired orbital plane. In this 
maneuver, of course, kinetic energy will be lost, and the 
vehicle must be reaccelerated to orbital velocity. 
Fig. 12 shows the aerodynamic precessional capability 
as a function of L/D and velocity loss, with oriented 
thrust shown for comparison. It is seen that aero- 
dynamic vehicular L/D of approximately 3 is required 
for a favorable comparison with oriented thrust pro- 
pulsion techniques for this purpose. 


Orbital Return Vehicle 


A specific vehicle of some interest for orbital return 
has been studied in some detail. The major concepts 
and requirements of this vehicle are given in Table 2. 
A capability for call-down and landing at a preselected, 
fixed location on any chosen day, from low-altitude or- 
bits, requires a cross-range maneuver capability of 550 
nm. Aerodynamic cross-range maneuver is selected for 
maneuver efficiency and flexibility. The vehicle is 
terminally guided from orbit ejection to recovery and 
landing operations. A parachute recovery system is 
chosen instead of conventional landing systems to 
permit use of a low lift design and to provide early 
hardware capability. Glide will be initiated at near- 
orbital velocity. The orbital return flight profile is 
selected for near-minimum lift-to-drag ratio. For this 
particular case, a payload of 2,000 Ibs. has been studied, 
and flexibility for varied payloads and mission re- 
quirements was essential. 


Table 2. Vehicle Concept 


Call-down of any chosen day 

550 n.m, cross-range maneuver 

Acrodynamic cross-range maneuver 

Terminal guidance from orbit to landing/recovery 
Parachute recovery 

Glide initiated at near-orbital velocity 

Flight profile selected for minimum L/D 

2000-Ib. payload 

Payload/mission flexibility 


A typical vehicle configuration for the orbital return 
vehicle (ORV) is shown in Fig. 13. Aerodynamically 
the vehicle is essentially a half sphere-cone, with con- 
trol wedges for trim at the required angle of attack 
and for roll control through differential trim. The ap- 
proximate weight breakdown for ORV is given here, 
with a total in-orbit weight of 4,265 lbs. for a 2,000- 
Ib. payload: 


Payload 2,000 
Structure 1,290 
Guidance, control, power 425 
Parachute recovery 310 
Retrorocket 240 
Total 4,265 lbs. 


Pertinent aerodynamic data for ORV, based on 
Newtonian hypersonic analysis, are presented in Fig. 14. 
Note that the maximum L/D is approximately 1.4 ata 
trim angle of 27 deg., corresponding to a fin deflection 
of 4 deg. (Continued on page 56) 


Fig. 13. Vehicle configuration. 
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Fig. 14. Configuration aerodynamics (Newtonian). 
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Control, Guidance, & Navigation—Accent on Braking 


Anticipating Anti-Skid System 


Frederick L. Ryder, MIAS, Republic Aviation Corporation 


I. THE BRAKING OF airplanes, it is often important to 
utilize the maximum braking effort just short of skid- 
ding, for the purpose of stopping within the shortest 
possible distance. However, human pilots have no 
senses by which they can accurately judge this optimum 
braking effort, particularly because the tendency to 
skid is highly dependent on ground conditions, of which 
the most important practical variable is wetness. 
Hence, in the absence of a skid-anticipating device, 
the pilot must keep the braking effort below the skid- 
ding value by a substantial margin since skidding is a 
dangerous condition involving possible loss of steering 
control and serious landing-gear vibration, besides 
entailing undue tire wear and a substantial loss of 
braking effectiveness. 

A practical device intended to improve this situation 
is described in reference 1 and is shown here in Fig. 
lin its basic essentials. The d.c. generator G is mounted 
on a landing wheel so that its output voltage is in- 
dicative of the instantaneous angular velocity of 
the wheel. This voltage is applied to coil C of relay 
R through a relatively small capacitance so that the 
current through the capacitance is effectively the time 
rate-of-change of the generator voltage and therefore 
is indicative of the angular deceleration of the wheel. 
For the normal deceleration encountered during a 
landing run, the coil current is insufficient to move 
armature A of the relay; however, for the much greater 
angular deceleration encountered at the beginning of 
skidding, the value of this current is sufficient to cause 
the armature to move, in which case suitable contacts 
(not shown here) are energized in such a way as to 
cause the hydraulic braking pressure to drop or, al- 
ternatively, to notify the pilot that the pressure is 
excessive. 
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Dr. Ryder is a ber of Republic Aviation 
Corporation's Scientific Research Staff at 
Farmingdale, N.Y. A native of New York 
City, he is considered an authority in the fields 
of structures, electricity, computers, and engi- 
neering management and has had many 
papers and articles published in these special- 
ties. Holding degrees from New York Uni- 
versity (B.S.E.E. and D.Eng.Sc.) and the Brook- 
lyn Polytechnic Institute (M.M.E.), Dr. Ryder 
was Research Director for Simmonds Aero- 
cessories, and head of an electromechanical 
department doing guided missile work at 
Du Mont Laboratories prior to joining Republic in 1956. 


Reference 2 describes a system which is roughly 
similar to the above, but which differs from it in that 
the inertia moment associated with the deceleration of 
the skidding wheel actuates a mechanism frictionally 
connected to the wheel; the mechanism then reduces 
the brake pressure as before. 

Such systems cannot operate unless skidding has 
actually been initiated. The consequences of a small 
amount of skidding can be appreciated by a study of 
Fig. 2, taken from reference 3 and substantiated by 
Fig. 9 of reference 4. Fig. 2 shows a typical plot of 
the force F between wheel and ground as a function of 
the slip S, the latter being defined thus: 


S= 1 -#/2 (1) 


where w is the actual instantaneous angular velocity 
of the wheel, and Qis its value in free rolling. At F = 
0, corresponding to free rolling, w = Q and S = 0; 
when F has its maximum value F,,, then S = Sn; 
and at w = 0, corresponding to a fully locked wheel, 
S = 1. The finite slope of the rising part of the curve 
is due to tire stretch; if the wheel were rigid, S,, would 
equal zero. 
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Introductory theory and schematic for continuous maximization of 
brake torque without danger of skidding 


The relative directions of F, w, and braking torque 
T are shown in Fig. 3. The rising part of the curve of 
Fig. 2 can now be seen to represent a stable relationship 
since, if w should decrease monentarily, then S would 
increase, leading to an increase in F which would re- 
store w to its former value. An analogous argument 
shows that the curve is unstable beyond the point 
Sn, Fn. Hence, if the falling part of the curve is en- 
tered because S exceeds S,, due to excessive brake tor- 
que, then S will tend to increase quickly to the value 
unity, corresponding to locking of the wheel. This 
violent tendency would be checked if, as soon as S 
exceeds S,,, the hydraulic brake pressure could be re- 
duced to a value lower than that corresponding to 
F,. This cannot be done in practice, however, be- 
cause the deceleration at which the system is set to 
initiate corrective action must be sufficiently greater 
than the ‘‘normal”’ decelerations so that the latter will 
not trigger the system. In consequence, corrective 
action—namely, lowering of the hydraulic pressure— 
does not occur until the instantaneous operating point 
on Fig. 2 is well along the falling part of the curve and 
considerable slowing of the wheel has already taken 
place. Hence, when the systems described above are 
operated close to maximum braking capacity for any 
particular set of ground-surface and aircraft-loading 
conditions severe fluctuations in hydraulic pressure (and 
therefore in ground force) commonly result, with at- 
tendant undesirable fluctuations in aircraft deceleration 
and general detraction of the braking effort. 

The purpose of this paper is to present a schematic 
and a theory for a braking control system which is in- 
tended to anticipate skidding before the crest of Fig. 
2is actually reached, with consequent elimination of the 
disadvantages cited above. 


Rough Schematic and Basic Theory 


The basic idea in the present approach is to sense and 
control the slope dF/dS on the rising portion of the 
curve of Fig. 2. This slope is zero at the approach to the 
skidding condition regardless of ground conditions and 
loading of the aircraft. Its value will be found by apply- 
ing very small disturbances to the braking system 
and noting the resulting response; the system is in this 
sense similar to so-called adaptive systems used in 
autopilots. 

A method of embodying the system is shown by a 
rough schematic in Fig. 4, where the d.c. generator G 
must be mounted on a landing wheel but the other com- 
ponents can be placed at convenient locations in the 
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FIG. 4- ANTICIPATING ANTI-SKID SYSTEM ( Rough Schematic) 
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Fig. 5. System response. 


fuselage. In explaining this figure, we shall for sim- 
plicity omit many constants of proportionality, and 
shall assume that all braked wheels act identically. 
Also, we shall limit the present discussion to the more 
basic relationships; some of the practical design 
considerations will be mentioned briefly later. 

D is a dither generator—that is, a generator of small 
a.c. voltage—which when applied to the solenoid S 
sets up a small, periodic, reciprocating motion in valve 
V. The latter is housed in cylinder C, which is con- 
nected between the high-pressure side of the brake hy- 
draulic system and a reservoir. The resulting disturb- 
ances in hydraulic pressure produce the following 
oscillation in wheel angular velocity: 


Aw sin pt 


where harmonics higher than the first have been ig- 
nored; ¢ is time, and p is 27 times frequency. The 
wheel angular velocity may now be redefined as 


w + Aw sin pt 
The corresponding expression for the slip is 
S + AS sin pt 


where, by Eq. (1), AS is negative if Aw is positive. 
If we temporarily ignore the mass moment of inertia 
of the wheel, then the oscillations in w and F are es- 
sentially in phase so that we may conveniently re- 
define ground force as 


+ AF sin pt 


where, by Fig. 2, AF is positive if AS is positive (at 
least along the rising portion of the curve). 

The voltage output of the generator G is as indicated 
(for convenience the a.c. components will be designated 
only by their amplitudes). R, and C, form a low- 
pass network, and their values are such that the time- 
constant ,C; is large compared to the time-constant 
of transient disturbances in the braking system and com- 
pared to the period of dither oscillation, so that only 
wy appears at the junction of R; and Ci, where «wp is 
the equilibrium value of w corresponding to the applied 
brake torque. This is applied to the exciting coil of 
an accelerometer, whose output voltage (the product 
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of excitation and acceleration) is accordingly 
wo [(F + AF)/W] 


where W is aircraft weight, and the landing gear and 
fuselage are assumed rigid. The time-constant R.(; of 
the high-pass combination of R, and C, is assumed rela- 
tively small compared to that of transient disturbances 
(but not compared to the dither period) so that only 
the dither component of the accelerator output reaches 
amplifier A, as shown. 

The output of generator G is also fed to the high-pass 
combination R;C;, which has a relatively small time- 
constant so that only the dither component is felt 
across 3, which is in the form of a potentiometer. 
If we designate as @ the displacement of the pot con- 
tactor, the resulting voltage applied to amplifier A is 
6Aw, and the amplifier rapidly drives motor JV until 
its own total input signal is zero, at which time 


6 = —[(AF/W)/(Aw/a) | (2) 


Designating as Sp the steady value of S correspond- 
ing to wo, we find from Egs. (1) and (2), with © elim- 
inated, 


6 = [(1—So)/W](AF/AS) = [(1—So)/W]|(dF/dS) (3) 


so that @is closely proportional to the slope of the curve 
in Fig. 2, as desired. 

The above equation takes on a more convenient form 
if we eliminate WV by the following definition: 


F,, = (4) 


where yu is the effective coefficient of friction between 
wheel and ground at F = F,,, andis dependent on ground 
conditions. Then if we define the relative ground force 
and relative slip thus: 


j= F/F Se (5) 
Eq. (3) becomes 
6 = w((1 — So) Sm (df ds) (6) 


where the relationship between f and s is undoubtedly 
less variant, for different airplane weights and ground 
conditions, than the relationship between F and S. 
We now select a definite value of 0, say @,, such that 
for most cases it represents a slope which is greater 
than the skidding value—namely, zero—by a safe 
amount, and arrange potentiometer P so that its 
contactor voltage is zero when 6 = 6,._ For other values 
of @ this voltage, when fed to solenoid S, results in a 
disturbance of valve V’ which, to a rough approxima- 
tion, changes the brake torque at a rate proportional 
to 6—86,.. With the mass moment of inertia of the 
wheel ignored as before, there results 


dF/dt = k(@— 6.) = F,,(df/dt) (7) 


where k is chosen as a positive constant. This can be 
solved in conjunction with Eq. (6).if s is suitably re- 
lated to f. To do this we assume that the rising part 
of the curve in Fig. 2 is a parabola passing through 
0,0 and S,,,F,, and having an initial slope of 2; this 
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leads to 
f=2s—-—s° (8) 
With Eq. (6) this leads to a convenient expression 
for 6,: 

where the subscript c denotes equilibrium values with 
a brake torque just sufficient to produce 6 = 6... Eq. 
(8) also yields, in place of Eqs. (6) and (7), two new 


equations in which f is absent. When s is eliminated 
from these new equations, there is obtained 


| 6. (1 — So) 


To simplify this, we introduce the following defi- 
nitions: 


0/0. =x 


4 


(11) 
Eq. (10) then reduces to 
dx/dr = (1/x)-1 


Thus 6 must always decrease if 6 > @,, and increase if 
§< 6, as is desired. Integrating the above equation, 
we find 


rT = x, — x + log [(1 — x)/(1 — x)] 


where x, is the value of x at r = 0. Fig. 5 shows plots 
of x vs. 7, indicating how x approaches unity for two 
different values of x; Effectively, @ reaches 6, at 
about 7 = 3, and there is no overshoot. 


Some Practical Considerations 


Constancy of Safety Margin 


For convenience we define the safety margin against 
skidding as 1 — s, which is the fraction of S,, by which 
the actual slip would have to be increased to cause 
skidding. If we assume that Eq. (8), relating f and 
5, is approximately true for a given airplane under all 
conditions of ground and loading, then by Eq. (9) 
the safety margin corresponding to a selected value 
of @ varies with yu(1—S,)/S,. The variation in 
1—S, may be ignored for the present purpose since 
the whole range of S is probably less than 0.2 or so. 
As to the remaining quantities, we reason thus: 

(1) The principal effect of increased weight is prob- 
ably to increase S,, since more tire stretch can be tol- 
erated before skidding occurs. 

(2) For wet ground yu will be less than for dry, and 
S» may be expected to be smaller because less tire 
stretch can be tolerated before skidding occurs. 

Thus, while the skidding value of 6 is zero in all cases, 
the safety margin for a selected value of 6, may vary 
appreciably under different conditions, although it can 
probably always be kept small. For a plurality of 
Wheels controlled by a single anti-skid system, as is 
desirable in practice, the safety margin chosen will of 


course have to be somewhat greater than for a single 
wheel. 


Constancy of System Response Speed 


By Fig. 5 the response of the system as a function of 
7 does not vary seriously for different initial values 
of x; As a function of real time ¢, however, the re- 
sponse becomes slower as the coefficient of 7 in Eq. 
(11) becomes larger. With the aid of Eqs. (4) and 
(9), this coefficient is found to be approximately pro- 
portional to 


/ Ru 


Assuming from the previous discussion that S,, 
is roughly proportional to W and that yu is roughly 
independent of W, we conclude that, for given choices 
of @, and k, the system response time varies as the cube 
of the loading; assuming further that the ratio of 
S, to w remains roughly constant as uw decreases be- 
cause of wet ground, we conclude that the system re- 
sponds somewhat faster with wet ground than with 
dry. Hence it may prove desirable to provide for 
variation of k with different ground and loading con- 
ditions. 


Constancy of Insensitivity to Noise 


Since the system must function effectively over a 
range of values of w) of perhaps 30 to 1 (corresponding 
to aircraft speeds from, say, 200 to 7 m.p.h.), the level 
of the signals admitted to amplifier A in Fig. 4 will 
vary very greatly even though the dither magnitude 
AF remains constant. Thus the effect of electrical 
and mechanical noise may be increased significantly 
at low aircraft speeds, possibly resulting in erratic be- 
havior of the system. 

This disadvantage may be overcome by the arrange- 
ment of Fig. 6, representing a modification of the gen- 
erator and of the accelerometer excitation. The com- 


ponents R, and C; in Fig. + are omitted, and a new 
( Continued on page 59) 
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Fig. 6. Variable generator excitation. 
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Communications—and Photography 


“After a brief consideration of available techniques, one is faced 

with the conclusion that photography is the most practical available technique 

for space reconnaissance. However, increased effort is needed to extend 

the state of the art in the photographic field to obtain a 24-hour surveillance capability.” 


SPACE RECONNAISSANCE 


Kermit L. Sandefur, Hycon Mfg: Company 


lL. ORDER TO survive, information is needed on all real 
or possible enemy capabilities and intentions. What 
does the enemy have? Where is it? How many does 
he have? How does he use it? How good is he at 
using it? Is he about to use it? Etc. Further needs 
are for mapping, charting, and weather reconnaissance. 
“Reconnaissance is a directed effort to secure specific 
information at a given time within delineated areas.’’! 
Reconnaissance is thus a part of surveillance—the 24- 
hour watch over all factors. 


It seems rather strange for a country to announce that 
it is developing—and practicing with—weapons to 
destroy another country, although this procedure is 
approved or condoned by most nations; yet the sug- 
gestion of an open sky monitoring or a continuous 
reconnaissance satellite is viewed with concern by some 
nations. National air space ends some place about 
35 miles up, or perhaps just beyond interception alti- 
tude. It seems to the writer that reconnaissance 
satellites operating in the region of open sky would be 
the best deterrent or advance warning. 


Space reconnaissance also includes reconnaissance of 
bodies other than the earth. In order to study any 
planet (or moon), the use of image-forming sensors 
and other sensors is required to obtain data on surface 
conditions. This article is intended to discuss in 
general the current state of the art in space recon- 
naissance and perhaps invoke some critical considera- 
tions in the developmental areas. 


Specific Information 


All reconnaissance sensors can be divided into two 
classes—image-forming and non-image-forming. The 
image-forming sensors are photography, infrared, tele- 
vision, ‘‘passive radar,’ and radar. The non-image- 
forming sensors cover other areas such as temperature, 
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pressure, dust sampling, meteors, magnetic fields, elec- 
tric fields, etc. 

There is a close relationship between military and 
scientific data collection. Both collection systems are 
concerned with gathering a maximum amount of data 
with a high level of accuracy. They differ in the choice 
of time and location of data gathering. Scientific in- 
strumentation is primarily interested in the accurate 
measurement of predictable events and in the detection 
of unexpected events. Military instrumentation is pri- 
marily interested in the discovery of new activities and 
in monitoring known activities. 


Image-Forming Sensors 


Photographic equipment is considered the most 
important of all instrumentation proposed for present 
space missions and for those proposed for the next 10- 
year period.” This is true for several reasons, foremost 
of which is the fact that a photograph contains and 
therefore provides more bits of information per pound or 
per dollar than any other sensor. The notable excep- 
tions are those wherein special data are required which 
are not obtainable via photography, such as magnetic 
field measurements. 

A comparison of the parameters of the image-forming 
devices shows why photography has the largest num- 
ber of bits. Infrared is limited by the optical collector, 
as is photography, but even more limited in the detector 
size. Radar is limited by the extremely large antenna 
requirements to obtain narrow beamwidths and thus 
small resolution capability. Television is limited by the 
required optical system, but even more limited by the 
CRT’s phosphor grain size. Photography is limited by 
optical systems and film grain size. * Thus photography 
has greater information storage capacity through the 
use of diffraction-limited lenses and high-resolution 
film. 
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An alumnus of the University of Kansas, Mr. 
Sandefur also performed Graduate Assistant 
work there, during which time he designed and 
developed a spectrochemical analyzer. Join- 
ing Midwest Research Institute as a physicist 
in 1951, he was project leader on a wide 
variety of programs before joining Hycon in 
1956 as a Senior Physicist. Two years 
later, he was assigned as Research Physicist 
and Project Engineer for space reconnaissance 
programs. Research activities in which he has 
participated include radiation health physics, 
fast film processing, and flight testing and 
optical design for various reconnaissance sys- 
tems. 


Present Capabilities and Limitations of Photography 


In aerial photography, pictures are taken of ground 
objects through long air paths by cameras, lenses, and 
associated equipment mounted on unstable and trans- 
lating platforms. The resulting photographic negatives, 
consisting of nonhomogeneous clumps of silver arranged 
in numbers and size as to approximate the geometric 
pattern of reflective of the ground objects, are then 
printed. Now consider the current state of the art 
as to what can be done in practice. 


In any photographic reconnaissance, there are two 
basic factors to be recognized. First, the limitation im- 
posed by the film, mostly grain size and speed which, 
unfortunately, vary in an opposite direction—that is, 
the finer the grain, the slower the emulsion of the 
film. Second, the absorption and disturbance caused 
by the atmosphere. At the altitude at which most 
reconnaissance will be flown, the bulk of the atmosphere 
will be beneath the plane. For instance, if you fly at 
100,000 ft. altitude, 98.7 per cent of the atmosphere is 
below you and only 1.3 above (based on the ratio of 
densities), and all the disturbances due to absorption, 
temperature gradients, etc., areexperienced. There are 
additional photographic difficulties when above the 
layers of air glow, noctilucent clouds, and auroral dis- 
play at about 300,000 ft. and higher. 


Camera systems may be evaluated from the stand- 
point of acuity and sensitivity. Photographic systems 
are limited by the angular resolving power of the sys- 
tem, the aperture, and factors affecting contrast, such 
as haze, glare, and subject reflectivity. Systems 
presently in operation and others in the laboratory can 
tesolve as high as 2 to 3 sec. of arc under ideal condi- 
tions. In practice, the factors causing image motion 
and loss of quality result in resolutions of from 4 sec. of 
are to about 1 min. of arc. The systems resolving 1 


min. of are are lightweight and usually cover a wide 
field of view. The systems resolving 4 sec. of are are 
heavy and usually cover a narrow field of view. 

Long focal length and large format systems using 
high-resolution film and lenses yield a laboratory res- 
olution of about 1 sec. of arc. However, in use, these 
systems require ideal temperature, pressure, and 
humidity control and very accurate image motion 
compensation (IMC). The required environmental 
control may be expected in future space vehicles. 
The propulsion-off condition in space vehicles will be a 
great aid in maintaining the relative positions of image 
and film. The areas of IMC error, air turbulence, 
and required exposure time remain the limitations to 
high resolution. 

As to a photographic film, even the best available is 
inferior to the human eye for short exposure times. 
This has been demonstrated by several astronomers, 
mostly those engaged in the study of the surface 
of the moon. At Mt. Palomar with the Hale telescope 
at full aperture (on the one night a year when the 
“seeing” is calm enough), film can resolve about half a 
mile on the moon, while a visual observation of long 
thin objects resolves about 500 ft. 

Film affects resolution and acuity since present high- 
resolution film (such as S$O1213) requires longer 
exposure times for realistic lens apertures. The ground 
resolution achievable with these films in any lens sys- 
tem can be found by working from lines per millimeter 
resolution to lens focal length to angular resolution on 
graph B and from angular resolution to altitude to 
ground resolution in feet on graph A. This resolution 
will be reduced by factors from IMC and stabilization 
errors, from atmospheric limitations, and from target 
contrast and geometry effects. Let us now consider 
photographic sensitivity, a factor closely related to film 
resolution and grain size. In general, there are four 
levels of photographic detail as listed in the Space 
Handbook® and four corresponding types of photo re- 
connaissance films available today: 


50 to 200 ft ground resolution to identify lines of communication 
requires extremely fast film, such as Agfa Ispan Record ASA- 
2000, with coarse gain and low resolution which can yield about 
400 ft of resolution from 50 miles of altitude under low light 
levels. 

10 to 40 ft. such that aircraft could be seen on airfields. The 
standard Aercon Tri X, ASA 200 and 40 1/mm., is used for 
daylight with exposure times of 1/1,000 sec. and a lens aper- 
ture of f/8. (See the parameter curve, graph C.) 

2 to 8 ft. such that detailed analysis of airfields could be made. 
The Aercon Plus X, ASA 90 and 60 1/mm., is used in bright 
daylight with exposure times of 1/100 sec. and a lens aperture 
of £/8. 

0.5 to 2 ft. such that very fine detail about new activities could 
be made. The new SO1213, ASA 12 and 110 1/mm.—or 
the new S01243, ASA 1 and 170 1/mm.—are available for such 
high-resolution use, but they are very slow. The SO1213 
could be used with exposure time of 1/100 sec. and lens aper- 
ture of f/2 under bright daylight conditions. 


Present Capabilities and Limitations of IR 


Limited experience with terrain scanning equipment 
and published IR pictures of areas such as Long Island, 
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Graph A. 


N.Y., show that at altitudes of from 600 to 50,000 ft. 
there is a detection capability, by day or night, of 
gross configurations on the terrain. It must be realized 
that the wavelengths used (1 to 10 microns) cover the 
water vapor and carbon dioxide absorption bands, and 
therefore these wavelengths do not penetrate an 
appreciable path length. One cannot see through 
clouds or fog. 


Present Capabilities and Limitations of Radar 


Experience with radar has shown it to be a most 
misunderstood technique, with the exception that it does 
give range data directly. Radar inherently has poor 
resolution and, in order to approach photographic 
capability, a tremendous breakthrough in technique is 
required. To obtain the required narrow angular 
resolution, the antenna must be of a large dimension, 
or an indirect means must be used to increase resolution. 
The required difference in path length for a detectable 
signal results in unavoidable blank strips directly 
under the aircraft. The radar system is not passive. 
The resolution of targets on the ground is about 400 
times as coarse as in photography.* 

On the positive side is the all-weather feature of 
most wavelength regions. The direct range deter- 
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mination is, of course, the most important single 
feature. However, the reduction of slant range to 
ground distance leaves much to be desired in accuracy. 
Weather radars, used for various weather studies, 
utilize the 3.2 cm. radar which shows most precipitation 
cases quite well, such as snow and the bright band and 
thick cirrus clouds. Radar operating in the longer 
wavelength region is free from weather effects. 
High-resolution millimeter radar yields detection 
and recognition of airport runways and large industrial 
sites. When coupled with aerial photographs of the 
same area, some reconnaissance value can be obtained. 


Present Capabilities and Limitations of Passive Radar 


The new area of passive radar, or parametric atl- 
plifiers or masers, shows some promise in overcoming 
some of the objections to radar. This equipment is 
passive and may be smaller physically, but has the 
disadvantages of IR techniques in requiring cryogenic 
equipment and comparable poor resolution like IR. 


Present Capabilities and Limitations of Television 


TV is fine for low-altitude work, but high-altitude 
resolution is restricted by the phosphor grain size and 
the electron optics dimensions; 1,000 TV lines across 
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the format is current state of the art. On 1/2-in. 
TV camera tube, this corresponds to 40 photo lines/ 
mm. This resolution does not compete with photog- 
raphy where more than 40 lines/mm. are available 
across a 9-in. format. 

TV does give immediately transmittable reconnais- 
sance information and, in many situations, is the only 
method available to obtain data. Telemetering band- 
width problems and power requirement problems are 
yet to be solved. 


Present Capabilities and Limitations of Non-Image- 
Forming Devices 


The non-image-forming reconnaissance devices are, 
in general, sampling data such as temperature, mag- 
netic fields, electric fields, radiation, etc., in the immedi- 
ate vicinity of the vehicle and are not bothered by the 
slant range problems like the image-forming sensors. 
The state of the art here seems adequate. 


General Comment 


Thus, after a brief consideration of available 
techniques, one is faced with the conclusion that 
photography is the most practical available technique 
for space reconnaissance. However, increased effort 
is needed to extend the state of the art in the photo- 
graphic field to obtain a 24-hour surveillance capability. 


Shape and Contrast of the Target 


So far we have discussed only the geometry of the 
problem. Most targets viewed from high altitude have 
low-contrast detail. It is a well-known fact that the 
contrast decreases as altitude increases; however, the 
exact manner in which this occurs has not been eval- 
uated. 

The best assumption possible at the present time 
is that contrast decreases linearly with increasing 
altitude above 15,000 ft. In recent discussions, a 
value of relative contrast given by the following 
expression was arrived at as the contrast vs. altitude 
for clear noon daylight. This checks roughly with 
data at Wright Air Development Division.‘ Relative 
Contrast = 0.87/Slant Range. 

The shape of a target has great influence on its 
identification and detection. It is well known that a 
long thin object whose narrow dimension is much 
smaller than the ‘“‘resolution element’’ may be detected 
and when viewed in context can be identified.» Targets 
as small as one tenth the resolution element are com- 
monly identified in high-altitude photography, provided 
the length is more than five times the “resolution” 
element width. 

Similar difficulties with shape and contrast exist 
for radar, infrared, and the other sensors. In the case of 
infrared, for example, since the electromagnetic 
emission from the target is a function of both the 
temperature and the emissivity, a target may ‘“‘dis- 
appear” in the background as the terrain warms or 
cools, only to appear again later. 
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Ground Resolution 


Graph A allows quick determination of the angle 
subtended at the sensor by a ground target. Any useful 
sensor must be capable of resolving this angular 
dimension. For example, to resolve 10 ft. on the 
ground from 100 miles of altitude, the sensor must 
resolve 0.02 X 10-* rad. An angular dimension of 
0.2 X 10~* rad. will require a 96-in. focal length system 
with a system resolution of 21 lines/mm. or a 24-in. 
focal length system with a system resolution of 82 
lines/mm. 

Other possible focal lengths and their required system 
resolutions are shown in Graph B. 


Scale 


The specific information required determines the 
scale needed. In most applications it is just as bad to 
have excess information on the photograph (it is 
distracting) as it is to have insufficient information 
(it is frustrating). 

There are two contributions to photographic scale— 
the initial scale from the focal length of the lens sys- 
tem and the added scale from enlarging the photograph. 
The enlargement depends on the grain size of the photo- 
sensitive material. 

Optimum “‘working”’ scale for various types of target 


is indicated in Table 1. 
(Continued on page 60) 


Table 1. 


Scale 1 Target 


5,000 Height and depth determination 
7,000 Airfields and aircraft 
10,000 _Urban area analysis, shipbuilding 
50,000 Building counts 
100,000 Location of cities 
1,000,000 Limit for charting 
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Operations—Some Important Problems 


Support Systems: Part III—In the Future 


Richard W. Skulski, The Martin Company 


—_— great advances in technology, the men who 
design the missile systems of the future will find many 
problems of greater magnitude and complexity than 
those found by the pioneers who designed the V-2 or 
the Viking. An inclusive listing of all the specific 
problems which will arise is, of course, impossible. 
It is the more modest objective of this paper to point 
out some of the most important and general problems 
which will face the support systems designer of the 
future. 

Missile systems can be placed, broadly, in two non- 
exclusive classes. First, there are the strategic bomb- 
ing systems which seek directly or indirectly to de- 
liver a warhead to some distant target. Second, there 
are the space missions systems which may or may not 
have a military objective, but whose tasks include a 
variety of orbital accomplishments or deep space mis- 
sions. Protective basing and fast reaction times char- 
acterize the former, while larger and more elaborate 
equipment and more sophisticated and unprecedented 
missions characterize the latter. 

In the foreseeable future, hard bases of missile stra- 
tegic bombing systems will be obsolete. The evolu- 
tion will be toward mobile basing using submarines, 
ships, large manned aircraft (perhaps nuclear powered), 
trucks, or trains. Because of advances in storable, 
high-energy propellants, missiles will achieve increased 
ranges and carry larger warheads without an increase 
in size. The support equipment requirements for 
these mobile systems will dictate increased ruggedness 
and multifunctional equipment to keep at a minimum 
the equipment to be transported. More difficult re- 
pair and replacement logistics imposed by increased 
mobility will demand increased reliability. 

The success of space missions planned for the next 
few decades hinges largely on man’s ability to boost 
large payloads into orbit. The single, most dominating 
characteristic of the proposed missiles will be their 
large size. Shipping, handling, erecting, an servicing 
problems for this type of missile are unprecedented 
and will require solutions that depart radically from 
conventional methods. Missile propulsion require- 
ments—demanding hard-to-handle high-energy pro- 
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pellants, nuclear stages, catapult launchers perhaps, 
booster recovery, and renovating equipment—will 
pose additional base equipment problems. 

High payload missilry for large manned satellites, 
lunar and planetary probes, soft landing operations, 
and the establishment of lunar bases presents another 
aspect of the support systems problem, which again 
dictates requirements similar to the requirements of 
large boosters. In addition, manned space stations 
or moon bases present many new problems. Ex- 
traterrestrial bases will dictate new requirements for 
equipment to operate within new environments, and 
will dictate requirements for environmental control. 
New operations such as satellite station construction, 
lunar base construction, exploration and mining, mis- 
sile loading and unloading, refueling, and launching 
from space stations and lunar bases all portend de- 
tailed requirements yet to be established and specific 
problems yet to be identified. 


Problem Areas 


The most pressing problem areas are presented here 
according to a somewhat arbitrary division of engineer- 
ing responsibility. 


Mechanical and Fluid Systems 


(1) One of the most urgent and challenging problems 
of missile systems is the transportation, handling, and 
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This article reviews the trends in weapons syslems and space missilry and their effecis on requirements for support 


systems equipment. 


The most important problem areas of the future for support systems are listed and discussed. 


These problems are classified according to their mechanical, electronic, architectural, basing, human factors, and 
operational analysis aspects. No attempt is made to offer design solutions to specific problems. 


Cognizance of these trends and effects by the aerospace engineer should result in an orderly and economical evolution 


in support systems design, construction, and operation. 


erecting of large missiles. Projected now on drawing 
boards are missiles larger than existing road and rail 
clearances can accommodate—nor can existing air- 
craft transport the projected configurations. Water 
transportation, on-site construction, and special off- 
shore launching facilities all offer possible preliminary 
and intuitive solutions. However, as missiles become 
still larger, the problem becomes increasingly complex. 
Optimum transportation, handling, and erecting must 
involve the actual missile design and construction and 
to a large extent the launching base configuration and 
location. Also, the logistics of supply and mainte- 
nance cannot be ignored. Only proper analysis of all 
these areas can minimize the potentially fantastic 
costs involved. 

(2) Future requirements for high-energy propel- 
lants make continuous propellant handling research 
mandatory. Problems of low temperatures, corro- 
sion, instability, toxicity, and hypergolicity must be 
investigated even before propellant loading systems 
requirements can be stated. Currently, only limited 
capability has been achieved for handling small quanti- 
ties of most of the new propellants for component test- 
ing. Much remains to be done if operational com- 
ponents and systems are to be ready in time to meet 
future missile demands. 

(3) Because the cost of large boosters is so great, 
much thought has gone into making them recoverable. 
An extension of the problem of expensive booster units 
has also resulted in the notion of a catapult—a boost 
device which does not leave the ground at all. Large 
booster and recovery system costs make a thorough 
study of boost requirements in the light of feasible 
catapult configurations well worth while. 

(4) Provision of the necessary equipment and facil- 
ities to receive returning space vehicles is another as- 
pect of booster recovery and manned space flight that 
must be considered. Equipment and _ facility re- 
quirements are as yet undefined, but conceivably a 
shuttle service between a manned satellite station or 
moon base and the earth could require facilities and 
equipment ranging from a simple landing strip for 
skid-equipped glide vehicles to complex landing pads 


for vertical-descent manned boosters. Special dis- 
assembly, handling, and reconditioning equipment to 
outfit recovered boosters for re-use also will be re- 
quired. 


(5) Space travel will require ground equipment to 
train men in new skills and accommodate them for new 
environments. Items such as reaction control simu- 
lators and zero-g devices are illustrative examples. 
Human factors research in a space environment is 
vital. 


(6) Extraterrestrial exploration will require diverse 
equipment. To build a satellite station or lunar base 
and to explore the moon, man will need space suits, 
special tools, personal propulsion devices, special 
vehicles, mining equipment, etc. A penetrating study 
of the various probable space operations should yield 
a list of essential equipment. Preliminary design con- 
cepts will be helpful in determining which equipment ex- 
periments should be pursued further. 


Architectural and Basing 


(1) Base planning work must play a vital role in the 
large missile problem delineated above. Site selec- 
tion, receiving facilities, special emplacements for 
handling and servicing, maintenance facilities, etc., 
must all be provided in the synthesis of any large 
missile scheme. 


(2) Establishing satellite stations and lunar bases 
requires concentrated study to devise optimum archi- 
tectural techniques for design and construction. Here 
again, the problem is complex because of the special 
and unprecedented nature of these operations and the 
restrictions on construction manpower and _ time. 
Before a successful architectural scheme can be said 
to exist, virtually every operation of every phase of 
construction must be analyzed, and the whole integrated 
with every aspect of the detailed design of the proposed 
structures. The design and installation of extrater- 
restrial base facilities—such as power generation and 
distribution, communications, ecological systems for 
sewage processing, water supply, air purification, and 
environment control—must be investigated. 
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Electronic and Electromechanical 


(1) The ability to identify imminent component and 
system failures automatically, in addition to analyzing 
a system for existing malfunctions, is demanded in the 
development of more sophisticated checkout systems. 
Such improvement will be a necessity on future systems 
when mission failures will have even more catastrophic 
results. Such missions and equipment would include 
all manned missile launches, deep space research mis 
sile launches, space station launcher and orbiting equip- 
ment, and lunar station equipment. The advantages 
are obvious—namely, increased probability of mission 
accomplishment, reduced program costs, and ac- 
celerated confidence in systems. 


(2) Digital techniques will be applied to missile check- 
out and launch control systems, space station systems, 
and space transport vehicle systems. Examination of 
the future requirements of checkout and control sys- 
tems emphasizes the need to shift from analog to 
digital systems. For weapon system use, where large 
numbers of equipment sets are required, it is important 
that equipment cost and size be reduced as much as 
possible. With analog systems, cost and size reduction 
can be achieved by reducing system functions to a bare 
minimum and thereby accepting a corresponding reduc- 
tion in confidence in the system. With digital tech- 
niques, however, consolidation of equipment to pro- 
vide a variety of functions can be accomplished, saving 
money and equipment, without a comparable reduction 
of the number of checks performed. 


Accuracy of measurements will become continually 
more important in tomorrow's more complex missile 
systems and control systems. Digital data collection 
and processing can provide the required high accuracy 
more readily and at less cost than analog equipment. 
In addition, remote collection and processing of data 
from systems under test is simpler to accomplish with 
digital data processing systems. As more space- 
oriented developments such as space stations, lunar 
bases, or deep space probes are undertaken, the need 
for accuracy will increase because of the large amounts 
of data to be automatically collected in a relatively 
short time. 


Further, it should not be overlooked that some 
extremely simple digital equipment can be developed 
to check out and control airborne digital systems. 
The importance of this development is evident when 
it is understood that digital systems are being used 
more and more extensively in missiles and equipment 
to be carried in satellites and space stations. However, 
digital conversion is not required, and optimum use of 
complementary circuitry is possible. 


(3) Interconnecting cabling for remote operations 
such as checkout and control is at its limit of complexity 
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on existing systems. Cabling will be impossible oy 
some future systems, such as remote space station 
checkout from the ground. 


Methods for transmitting data from a system under 
test to an evaluation system must be investigated. 
Applicable systems such as ground microwave systems 
or standard telemetry systems may exist. How. 
ever, new methods for specific applications, such as 
earth current transmission for ground to ground use, 
should be considered. Remotely operated missile test 
complexes, mobile or fixed operational weapon systems, 
space vehicles, and space or lunar stations are systems 
for which the elimination of interconnecting cabling 
would be required. 


(4) Considering the trend toward mobile weapon 
systems, special design techniques must be developed 
for electronic support equipment in order to achieve 
optimum equipment reliability, transportability, and 
logistics. Processes which will permit reduction in 


equipment size, reduction in power requirements, and 


standardization of replaceable modules must be 
investigated. Mobile weapon systems will produce 
new ground equipment requirements. One important 
requirement for inertially guided missiles will be a 
ground navigation system that can generate launch 
point coordinates and initial reference coordinates, 
azimuth and vertical, for transfer to the airborne 
computer and platform. 


(5) The increased skill levels and training require- 
ments demanded by advanced missile missions require 
training equipment and devices of great variety. 
Training techniques developed by human engineering 
research will serve as a basis for design criteria. 


(6) In addition to the “improvements” development 
described above, completely new checkout equipment 
philosophies need to be developed to cope with the 
increased complexity of future electronic systems. 
One new approach which should be investigated is 
that of providing a checkout method which could 
analyze a new system under test and derive its own 
methods of checkout, determine its own limits and 
weight factors, and establish an optimum sequence of 
operations. Currently, the best approach seems to 
take behavioral or brain models as the starting point. 


Such a system will require (a) sensory elements for 
detecting all pertinent parameters of the system 
under test; (b) evaluation elements for analyzing the 
parameters sensed in relation to the degree of success 
of system operation; (c) logic elements for determining 
the importance of various parameters to successful 
mission accomplishment and memory elements for 
retaining results for future use; (d) computational 
elements for deriving parameter limits; and (e) 
various other control and communication elements. 
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It is reasonable to assume that a system including the 
above elements could display a simulated intelligence 
which would enable the machine to determine what is 
required for checkout, to make the necessary adjust- 
ments to its operation, and to exercise judgment in 
performing optimum checkout of a system under test. 

Application of a full-scale system of this type would 
be most beneficial in a new development program. 
Provisions would be made to install the checkout system 
sensory elements in the system under test. The check- 
out system would adjust itself to establish the optimum 
test parameter combination within the limits of its 
sensory elements. The test routines derived by the 
development configuration probably could be em- 
ployed operationally with only a portion of the develop- 
ment checkout system equipment. 


Human Engineering 


(1) The complex space missions of tomorrow will 
require that space men swiftly absorb large amounts 
of information for evaluation and decision. Visual 
means of data presentation offer the best potential for 
coping with this problem. Research experimentation 
must be done in the following three areas of data 
classification : 

(a) Exploration of new techniques for displaying 
information relating to space orientation and 
navigational control using coordinate reference sys- 
tems radically different from those used in conventional 
flight, and information from multiple sources so 
that decisions relating to the employment of defensive 
and offensive weapons can be made. 

(b) Determination of criteria for the display and 
communication of such complex data as that received by 
radar and infrared reconnaissance and terrain clearance 
information by exploring the effect on operator per- 
formance of electronic and optical augmentation, 
selective filtering, and integration of multiple sensors. 

(c) Determination of the design characteristics of 
display systems necessary for the representation of 
military space operations to command personnel 
stationed on the earth. 

(2) The design of equipment to train missile person- 
nel and maintain skill levels must be preceded by the 
development of techniques for proficiency measure- 
ment and evaluation of personnel involved in new 
Weapon systems. In addition, methods must be 
developed for training and sustaining critical operator 
and maintenance skills to be performed under unusual 
conditions such as are found in operation or main- 
tenance of space vehicles and for sustaining little used, 
but highly critical, skills at peak efficiency during the 
course of long-term missions. 


(3) The development of equipment to protect men 
and equipment from excessive heat or cold, ionization, 
toxicity, and other environmental extremes, either 
terrestrial or extraterrestrial, must be based partly on 
the results of human factors research. The effects 
of environmental conditions on human beings must be 
determined and design criteria established. 


Operations Analysis 


(1) In conjunction with the design problems as- 
sociated with very large missile systems, operational 
analysis must be provided to determine optimum 
criteria for design of missile, ground equipment, 
facilities, and base. As missiles grow larger, the costs— 
as well as the degree of interdependence of missile 
design, handling equipment, site selection, base design, 
mission, maintenance philosophy, logistics, etc.—grow 
enormously. If such missile systems are to be at all 
within economic reach, rigorous analysis of all these 
factors must be made to achieve maximum dollar value. 


(2) Operational analysis is also required for the basing 
problem of bombing systems. Essential factors that 
must be considered, besides cost, are operational read- 
iness and survival ability. All of the factors listed 
above must be taken into account. However, the 
entire problem becomes more complicated because of 
mobility considerations. 


(3) The problems of logistics, checkout, and main- 
tenance philosophy become increasingly complex as 
attention is focused in turn on bases for very large 
missiles, equatorial launch sites, satellite stations, and 
lunar bases. A good deal of analysis and planning 
must be done before any confidence can be placed in 
decisions on how to accomplish these unprecedented 
tasks. 


Conclusion 


While this paper has not attempted a complete list 
of specific problems which space engineers of the future 
will encounter, it is hoped that some of the more 
general and important problems have been suggested. 
By no means can all of the problems be foreseen which 
will emerge as missile technology advances. However, 
anticipation of future needs is vital. Just as solving 
problems of the V-2 or the Viking has led us to our 
present level of accomplishment, so today’s technology 
will make us capable of recognizing and solving future 
problems as yet undefined and difficulties yet un- 
imagined. 


(This paper concludes a three-part series begun in 
July; Part II appeared in September. —Eb.) 
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Electric Propulsion for Space Flight (continued from page 11) 


start from a satellite orbit about Earth with an initial 
weight of 9,000 Ibs. With an optimistic mission 
analysis, the chemical rocket is barely able to carry the 
SNAP-S8 power plant, leaving no room for additional 
equipment. The nuclear rocket with a specific impulse 
of S00 sec. could carry over 1,000 Ibs. of additional 
equipment, while the electric rocket could carry SNAP- 
8 and more than 3,000 Ibs. of additional equipment. 
The trajectory for the electric rocket in this mission 
was the Irving and Blum type,*! where the specific 
impulse and thrust are varied with constant power. 
The electric rocket was assumed to be an ion rocket, 
which will be discussed later, and the efficiency of the 
ion rocket engine was assumed to decrease sharply in 
the lower range of specific impulse."* Electric rockets 
with higher efficiency at lower specific impulse would 
increase the electric rocket performance for this 
mission. 

Deep solar system probe missions will be very 
efficiently performed by electric rockets. Stuhlinger'® 
has considered a number of such missions, and his 
results are summarized in Table 1. It is evident that 
electric rockets would have very fast trip times com- 
pared with chemical rockets; in addition, a powerful 
electric power source would be available for communica- 
tion with distant Earth. 

Manned interplanetary flight has been discussed in 
previous sections with regard to mission analysis, 
power-plant design, and vehicle design. Moeckel!'! 
has estimated the performance of the electric rocket 
and the nuclear rocket for the eight-man round-trip 
mission to Mars, and the results are shown in Fig. 10. 
Both rockets are assumed to start from a satellite 
orbit about Earth, and return to that orbit. It was 
assumed that the nuclear rocket would have a specific 
impulse of 1,000 sec. and a nuclear rocket engine weight 
of 20,000 Ibs. Two trajectories’? were used for the 
nuclear rocket; a direct transfer for the outward trip 
and an aphelion route (passing outside Mars orbit) for 
the return trip were used for the longer trip times, and 
for the shorter trip times both outward and return 
trips were perihelion routes (passing inside Earth 
orbit). Moeckel’s fast indirect trajectory was used for 
the electric rocket performance analysis, and it was 
assumed that W,,/W» = 0.2 and that a = 5 or 10 
Ibs./kw. Both spacecraft were assumed to carry 10 
Ibs. day ‘man of expendable supplies and a 40,000- 
Ib. auxiliary rocket vehicle for exploration of Mars 
surface by some of the crew. Further analysis may 
find even faster flight paths for the electric rocket but, 
even on the basis of the results shown in Fig. 10, the 
trip time for the nuclear rocket will be longer than that 
for the electric rocket if both have the same initial 
weight. Although more detailed studies will be 
necessary before final judgment can be made, the 
comparison shown in Fig. 10 suggests that the nuclear 
rocket might be competitive with the electric rocket for 
manned interplanetary flight to Mars or Venus if short 
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trip times are imperative and if high initial weight js 
acceptable. For longer missions, it appears that the 
electric rocket will be clearly superior. 


Electric Rocket Engines 


The part of the electric propulsion system that 
converts electric power into thrust can be called the 
electric rocket engine and can be classified into three 
general types: 

(1) Electrothermal rocket engine—in which gaseous 
propellant is electrically heated, then thermodynamni- 
cally accelerated rearward to obtain forward thrust. 
Examples of this type are the are jet and the resistance 
heater jet. 

(2) Plasma rocket engine—in which ionized gas 
(plasma), consisting of a mixture of electrons and ions, is 
accelerated rearward by electromagnetic fields. 

(3) Ion rocket engine—in which ions are accelerated 
rearward by electrostatic fields, with electrons later 
injected into the exhaust. 

This nomenclature is perhaps not perfect, and others 
might be preferable (such as electrothermal, electro- 
magnetic, electrostatic); however, these definitions 
will be followed here. Each of these types of electric 
rocket engines has its problems and its range of efficient 
operation, and each is at a different state of develop- 
ment. The remainder of this article will be devoted to 
discussion of these items. 

The efficiency with which an electric rocket converts 
electric power into useful thrust can have a marked 
effect on the overall spacecraft performance for any 
particular space mission. For example, a decrease in 
engine power efficiency lengthens the time required for 
satellite-raising missions.** The effect of electric 
rocket engine power efficiency on a satellite-raising 
mission is shown in Fig. 11. The parameters chosen 
for this mission were initial orbit, 300 nautical miles; 
final orbit, 19,350 nautical miles (24-hour period); 
WV, 6,000 Ibs.; W,, 2,000 Ibs.; generator output power 
P, 30 kw. The payload capacity is plotted against 
raising time in Fig. 11 for a range of specific impulse and 
electric rocket engine power efficiency. For a given 
specific impulse, decrease in power efficiency has little 
effect on payload capacity but seriously increases 
raising time. 

When an electric spacecraft is designed for maximum 
payload capacity and the mission proceeds with 
constant specific impulse, then Eq. (5) may be used to 
determine the optimum specific impulse and maximum 
payload. The effect of electric power efficiency on the 
initial weight ratio W/W,» is shown in Fig. 12 with 
(ge Vat V'1,) (2W >) as a parameter. For low thrust 
(T/Wy < t,T/Wo is approximately constant” so 
that the parameter in Fig. 12 is proportional to Va 


V tp and the power efficiency has the greatest effect on 
initial weight ratio for electric spacecraft with heavy 
power plants and short missions. 
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Will The Mission 
Succeed ? 


Ask... 


Flight-line checkout by DATS (Dynamic Accu- 
racy Test System) tells the interceptor com- 
mander whether his aircraft and weapon control 
systems are completely ready for a successful 
mission. As a result of field evaluation tests, 
showing the effectiveness of DATS in improv- 
ing weapon control performance, RCA has 
been awarded an Air Force production con- 
tract. Developed by RCA’s Airborne Systems 
Division, Defense Electronic Products, 
Camden, New Jersey, DATS is a new ap- 
proach to the evaluation of system readiness. 


(Dynamic Accuracy Test System) 
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It makes certain that only aircraft with prop- 
erly operating weapon control systems are 
sent on missions. Based on a building-block 
design employing the highest reliability fac- 
tors, a mechanical programming device and 
self-test capability, DATS utilizes a series of 
synthesized attack runs typical of mission 
conditions. DATS could be made applicable 
to many interceptor types of aircraft. 
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Fig. 19. Motion of ions and electrons in crossed 
electric and magnetic fields. 


The other performance characteristics required for 
electric rocket engines are high specific impulse, small 
physical size, low weight, reliability, and possibly 
variations in specific impulse and thrust such as shown 
in Fig. 5. These performance characteristics will be 
discussed with regard to each type of electric rocket 
engine in the following sections. 


Electrothermal Rocket Engines 


The electrothermal rocket engine is expected to 
have good performance up to specific impulse values of 
about 1,200 sec. High gas temperatures are required to 
obtain such values of exhaust velocities by thermo- 
dynamic expansion through an exhaust nozzle. At 
high gas temperature, much of the power put into the 
gas is absorbed in dissociation and ionization of the gas 
and, if this power is not recovered by recombination 
during the time the gas flows through the nozzle, a 
substantial loss will occur. Based on this effect alone, 
an estimate has been made'® of the power efficiency 
obtainable with electrothermal rocket engines using 
hydrogen or helium propellant, as shown in Fig. 13. 
The curves assume frozen flow—i.e., no recombination 
—through the nozzle and assume that all of the electric 
power is transferred to the gas by the arc or heat 
exchanger; these curves do not account for radiant 
heat loss to empty space through the exhaust nozzle. 
To approach the performance shown in Fig. 13, re- 
generative cooling of the nozzle and electrode or heat 
exchanger may be necessary. 

An example of the “‘arc-jet’’ electrothermal rocket 
(often called the ‘‘plasma jet’’) is shown in Fig. 14.% 
Propellant gas is passed through the electric arc 
formed between cathode and anode and is expanded 
through the nozzle to high velocity. 

A diagram of a heat-exchanger electrothermal rocket 
is shown in Fig. 15. Propellant gas would be passed 
through a tungsten heat exchanger that would be 
electrically heated. The hot gas would then be ex- 
panded through the nozzle to obtain thrust. A rocket 
of this type is presently being prepared for experimental 
research at the Lewis Research Center.” 

The electrothermal rocket engine receives consider- 
able interest as a simple, practical propulsion unit for 
satellite orientation, orbit adjustment, and satellite- 
raising missions. As shown in Fig. 11, power efficiency 
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has little effect on payload capacity so that the use of an 
electrothermal rocket at 2,000-sec. specific impulse in a 
satellite-raising mission would provide a substantia] 
payload capacity (in addition to power-plant weight) if 
a longer propulsion time were not objectionable. 


Plasma Rocket Engines 


Although plasma rocket engines are still in a very 
early state of research and development, it is expected 
that they will have good performance in the range of 
specific impulse above 1,200 sec., thereby filling the 
performance gap between electrothermal rocket engines 
and ion rocket engines. In addition to this important 
expectation, the plasma rocket can provide (at least, 
theoretically) a higher thrust per unit exhaust area 
than the ion rocket; furthermore, the plasma rocket 
might be more adaptable to integration with future 
thermonuclear (fusion) power sources. For these 
reasons, the plasma rocket is receiving considerable 
research attention, as discussed in summary papers by 
Evvard” and by Moeckel and Rayle.'* 

The mathematical description of acceleration of real 
plasma by electromagnetic fields is very complex and 
not well understood at present. Only a simple expla- 
nation of plasma acceleration will be possible here. 
When a charged particle moves through a fixed mag- 
netic field, a force is exerted on the particle in a direction 
normal to the plane in which the velocity and magnetic 
field vectors lie. In a similar sense, a force will be 
exerted on a charged particle at rest with a magnetic 
field moving past it. The force exerted on the particle 
may be used to accelerate the charged particle. 

This principle may be illustrated with the diagram of 
an are-rail accelerator shown in Fig. 16(a). The are 
drawn across the rail electrodes consists of charged 
particles, electrons, and ions moving (in opposite 
direction) across the gap. If a fixed, external magnetic 
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Fig. 20. Traveling-wave plasma accelerator. 
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field is applied to the system in a direction normal to 
the plane of the rails, forces exerted on both ions and 
electrons will cause the are to accelerate along the 
rails. When the first arc leaves the end of the rails, a 
second are is struck and accelerates to the right in 
turn. An intermittent thrust could be obtained from 
such a device since the ionized propellant forming the 
arc has been accelerated rearward. Stanley Domitz, 
of Lewis Research Center, has obtained high exhaust 
velocities with the arc-rail accelerator shown in Fig. 
16(b), but the analysis and measurement of power 
efficiency and thrust is so complex that an evaluation 
of this device is not yet complete. 

Another plasma accelerator using parallel electrodes 
is the exploding-wire-rail accelerator shown in Fig. 17. 
In this device, very large currents from a capacitor 
discharge vaporize a metal wire placed across the rails. 
The high current induces a magnetic field which is of 
greater strength inside the current loop so that the 
dense, ionized wire material is accelerated along the 
rail electrodes. To prevent serious power losses, the 
rail electrode length must be matched with the ringing 
frequency of the discharge. Preliminary measurements 
made by George A. Wise at Lewis Research Center 
have indicated specific impulse values of over 1,000 
sec. with this accelerator, but it is not certain yet that 
all of the propellant reached this value. 

The are-backstrap plasma accelerator is shown in 
Fig. 18. By having the discharge current from the 
capacitor flow through the ‘“‘backstrap’’ conductor 
immediately behind the arc, the magnetic field “‘pres- 
sure’ is enhanced.” Preliminary measurements by 
Raymond W. Palmer of Lewis Research Center have 
mdicated specific impulse values up to 4,000 sec., where 
again it has not been determined as yet whether all of 
the propellant has been accelerated. 

The preceding plasma accelerator schemes have 
strong current arcs or plasma discharges that are 
notably prone to sputtering of the electrode material. 
For long-duration propulsion, either sputtering losses 
must be minimized or continuously renewable electrodes 
must be used. A plasma accelerator that does not 
have such discharges is under investigation at the 
Langley Research Center. This device may be 
called an ‘“‘E cross B” plasma accelerator, since it 
uses both electric and magnetic fields normal to each 
other. Both ions and electrons have a drift velocity 
in the same direction in crossed electric and magnetic 
fields, as shown in Fig. 19. If the plasma is of a low 
density, its individual charged particles may have 
trajectories such as shown in Fig. 19, and a general 
acceleration of the plasma will result. 

Another type of plasma accelerator that does not 
require strong discharges is the traveling-wave plasma 
accelerator shown schematically in Fig. 20(a). By 
proper synchronization of the time-varying magnetic 
fields produced by the coils, a magnetic field ‘‘wave”’ 
can be made to move along the accelerator tube. 
Plasma would be trapped in the troughs of such waves 
and accelerated rearward to obtain thrust. Because 
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of the high exhaust velocities required, and for a 
reasonable accelerator tube length, the magnetic fields 
must be varied at radio frequencies. Robert E. Jones, 
of Lewis Research Center, has performed preliminary 
experiments with a simplified configuration and has 
measured specific impulses of 1,000 sec. The configura- 
tion shown in Fig. 20(a) is now undergoing preliminary 
tests at the Lewis Research Center and is shown installed 
in a vacuum facility in Fig. 20(b). 


lon Rocket Engines 


The ion rocket engine is at present further along in 
research and development than the plasma rocket 
engine. Precise measurements have been made of 
specific impulse, power efficiency, thrust, and propellant 
utilization efficiency of a number of different engine 
design concepts; these concepts continue to show 
definite promise of good performance. In addition, 
some other design concepts have good theoretical 
promise although these have not received so much 
research attention as yet. 

A simplified diagram of an ion rocket engine is 
shown in Fig. 21. Propellant is ionized in the ionizer— 
that is, one or more electrons are removed from each 
propellant particle, and the electrons are pumped away 
by the electric generator. The ionized particles thus 
formed are then accelerated from the ionizer rearward 
through the exhaust aperture of the engine. This 
acceleration may be accomplished by maintaining the 
ionizer at a high potential and the last accelerator 
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Fig. 21. Diagram of ion rocket engine. 


electrode at zero potential so that the ions fall through 
the electrostatic field to very high velocity. Since 
each ionized particle has a potential field surrounding it 
(theoretically, to infinite distance) because of its 
electric charge, the local potential just downstream 
of the accelerator could build up to high values if the 
ions were allowed to form a long beam behind the engine. 
(High potentials outside the engine would prevent 
ions from leaving the engine.) This problem can be 
overcome in theory by injecting the electrons (which 
have been pumped through the generator) into the 
ion beam so that the negative charge of the electrons 
will neutralize the positive charge of the ions in the 
exhaust beam. (Electron-ion recombination rates are 
too slow to provide adequate neutralization.) The 
electrons must be injected into the beam at near 
ground potential, so the power consumed in the whole 
process can be thought of as the power required to 
force the electrons from the high potential of the ionizer 
to the ground potential at injection. 

This simple picture of the ion rocket appears quite 
straightforward, but many problems exist. For 
instance, electrons emitted from a surface having a 
temperature of 1,000°K. have a most probable kinetic 
energy of about (0.086 electron volts, which corresponds 
to an electron speed of 1.7 X 10° m. ’sec., or a-specific 
impulse of 17,000 sec. If the exhaust beam is to have 
a zero net charge density, the electrons must have the 
same axial velocity as the ions. (The ion and electron 
currents must be equal to preserve charge neutrality on 
the vehicle.) As pointed out in previous sections, 
electric rockets will be required to operate at a specific 
impulse (of the ions) much less than 17,000 sec. for 
many space missions. Since 1,000°K. is a low tem- 
perature even for coated, low-work-function electron 
emitters, it is apparent that an electron-ion velocity 
matching problem exists in the neutralization process. 

Another problem area in the ion rocket engine is the 
acceleration process. The trajectories of ions falling 
through the accelerator must be carefully controlled to 
avoid impingement on the electrodes. A high-velocity 
ion that hits an electrode may sputter many atoms, and 
electrode life is important on long-duration space 
flights. Ion optics are further complicated by the 
presence of many other ions falling through the accel- 
erator since the space charge effect cannot be neutralized 
in the accelerator as in the exhaust beam. As the ion 
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charge density increases, the space charge eilect 
becomes greater so that, at the ionizer where the ions 
are still at low velocity, the space charge can limit the 
flow of ions from the ionizer. 

To illustrate this effect, the Child-Langmuir law 
defines the maximum (space-charge-limited) current 
density j, (amp./m.*) of charged particles that can 
pass between parallel, plane electrodes with spacing L 
and potential differences AV (mks. units): 


js = 5.563 X 6) 


where e is the electronic charge on each particle and m 
is particle mass. If it is assumed for the moment that 
the real ion accelerator can be approximated by the 
Child-Langmuir law, then L represents the accelerator 
length. Since the charged particle velocity is 


v= V 2(e m)AV (7) 


then the space-charge-limited current density may be 
written 


js = 1.967 X 107"? (m/e)(v*/L?) (8) 


By using Eq. (1) for thrust and noting that mm = 
jAm/e, the thrust per unit cross-sectional area of the 
accelerator is 


T/A = 1.967 X 10—-?(m/e)?(v4/L?) (9) 


In a preceding section, it was shown that the exhaust 
velocity was specified by the mission so that the thrust 
per unit exhaust area is only a function of mass-to- 
charge ratio and accelerator length (within the practical 
bounds of allowable potential gradient). As will be 
shown later, this space charge limitation in the accelera- 
tor is a-serious problem for some engines and missions, 
and the accelerator length in some ion rocket engines 
must be as short as a few millimeters. 

The ionization process also presents some major 
problems. The propellant escaping the ionizer without 
an electric charge will not be accelerated. In addition, 
charge exchange between such neutrals and accelerat- 
ing charged particles can destroy carefully planned ion 
trajectories and cause serious electrode sputtering. 
For acceptable power efficiency, the energy consumed 
in ionizing each particle must be small compared with 
the energy of the particle after acceleration. 

The problems discussed above are common to most 
ion rocket design concepts and will be discussed further 
in subsequent sections under three general types of ion 
rocket engines: 

(1) Colloidal-particle ion rocket engines, where 
propellant particles consisting of many molecules are 
charged and accelerated electrostatically. 

(2) Electron-bombardment ion rocket engines, where 
propellant atoms are ionized by collisions with electrons 
and the resulting positive ions are accelerated electro- 
statically. 

(3) Contact-ionization ion rocket engines, where 
propellant atoms are ionized by contact with hot 
surfaces and the resulting positive ions are accelerated 
electrostatically. 
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The first version of Saturn will be 185 feet tall . . . 21 feet across 
the base . . . will contain 14 rocket engines! 


The rocket that will lead the way to 


space travel is now in development 


Space researchers at Douglas Aircraft 
are already working on the design 
and construction of the second stage 
of the huge NASA Saturn rocket. 

_ Saturn is the first program which 
is designed, from the ground up, to 
provide the capability of putting tons 
of payload into orbit or thrusting 
manned capsules beyond the earth’s 
pull. It will initially be able to orbit 
20,000 pounds around the earth, or 


deposit 6,000 pounds on the moon. 

Future configurations of Saturn will 
have even greater thrust and payload, 
paving the way for round trips to the 
planets. 

Fantastic as these predictions 
sound, they are the solid convictions 
of the men at Douglas whose skills 
have been behind the production of 
nearly 30,000 rockets, missiles and 
space vehicles. These include the Thor 
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other U.S. boosters combined. 
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B-70’s high speeds and tremendous cooling loads pose the most 
demanding environment contro! problems ever encountered 


At 2,000 mph, skin temperatures of the USAF/North 
American B-70 will soar as high as 600°F. Yet the 
crew and avionic gear will function in ideal tempera- 
tures—from sea level to 70,000 feet. 


To solve the plane’s extraordinary operational require- 
ments, Hamilton Standard is developing the most ad- 
vanced and comprehensive environment conditioning 
system ever planned for an aircraft. It will provide 
completely automatic... 


© cooling and pressurization of avionic gear and 
crew compartments 
® emergency ram-air cooling and pressurization 


® temperature control for drag-chute and landing- 
gear compartments 


@ moisture removal 


® air-contaminant control 
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MAIN COOLING for crew and avionic compartments is 
provided by a closed vapor-cycle/air recirculation system 
and several closed-loop transport systems. 


THE B-70 PROGRAM is an excellent example of Hamilton 
Standard’s unmatched systems capability in environment 
conditioning and control. It incorporates skills and experi- 
ence the company has amassed in creating systems for 
such advanced aircraft as the F-104, F-105, B-58, 880 


Jet-Liner and over 40 other leading military and com- 
mercial planes. 


CLOSED-ENVIRONMENT CONTROL SYSTEMS for space 
vehicles are also under study at Hamilton Standard. Cur- 
rent research involves a variety of equipment, designed to 
remove and regenerate air contaminants from a sealed 
capsule. Object: to ensure a safe air supply for man 
in space. 


FURTHER INFORMATION on current Hamilton Standard 
environment programs and services is available. Your 
inquiry is invited. 
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HAMILTON STANDARD 


DIVISION OF UNITED AIRCRAFT CORPORATION 


WINDSOR LOCKS, CONNECTICUT 


SOME OF THE MANY FIELDS OF GROWTH AT HAMILTON STANDARD 


ENGINE CONTROLS for over 20,000 air- GROUND SUPPORT EQUIPMENT. Hamilton ELECTRONICS at Hamilton Standard includes 
craft gas turbines have been produced by Standard is presently producing a wide broad experience in flight control, instrumenta- 
Hamilton Standard. The company's latest con- range of GSE for both missiles and air- tion, static power inversion and electrical con- 
trol work involves advanced rocket engines. craft—from special tools to complete systems. trol for aircraft, missile and GSE components. 
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Fig. 22. Electron-bombardment ion rocket engine.” 


Colloidal-Particle lon Rocket Engines 


As shown by Eq. (9), the thrust per unit exhaust area 
of a simple ion rocket engine is proportional to the 
square of the mass-to-charge ratio of the charged 
particles. If lithium were used as a propellant and 
were only singly ionized, the exhaust area of the ion 
rocket engine would be so great that the shadow 
shielding of a spacecraft, such as shown in Fig. 7, would 
be very large and heavy. As an alternate to massive 
atoms such as cesium and mercury, it has been proposed 
that particles consisting of many molecules might be 
used as a propellant. Such particles would have an 
upper limit in size since for a given exhaust velocity 
the accelerating potential is directly proportional to the 
particle mass, as shown by Eq. (7). For example, ‘to 
obtain a specific impulse of 1,000 sec. with a singly 
charged colloidal particle of 0.01-micron (4 X 1077 in.) 
diameter, a 50,000-volt accelerating potential would be 
required; while a diameter of 0.001 micron (4 & 107° 
in.) would require only 500 volts. Since the accelerat- 
ing potential is proportional to the square of the specific 
impulse, as shown by Eq. (7), potential gradients with- 
in the colloidal-particle ion rocket engine could become 
so great that electric breakdown would limit the 
exhaust velocity or, worse yet, the high potential 
gradient might limit the number of charges a particle 
could hold. 

In a very interesting theoretical analysis, D. Lang- 
muir has shown that, if the charge on a particle 
could be changed during the acceleration process, the 
problem of high potential gradient could be avoided by 
placing successive accelerators in line. Furthermore, 
if the particle charge could be removed after the first 
accelerator stage, followed by a drift (second) stage, 
and then a greater charge added at the beginning of the 
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third stage, an alternating voltage could be used; 
in this way, the problem of high overall voltage require- 
ments of the electric powerplant could be avoided. 

The charging process in the colloidal-particle ion 
rocket engines may also be a major problem. At 
present, it is not clear whether adding or subtracting 
electrons to, or from, the particles will be the best 
method. 

yeneration of colloidal particles of such small sizes 
is complicated by the requirement of a very narrow size 
distribution (so that all particles will have nearly the 
same exhaust velocity). Carl T. Norgren, of Lewis 
Research Center, has successfully generated colloidal 
particles (from HgCl, or CoCl, vapors) which have 
narrow size distributions with a mean diameter of 
0.02 micron. Norgren is at present working with 
experimental equipment that includes the particle 
generation, particle charging, and particle acceleration 
processes. 

Although the colloidal-particle ion rocket engine is 
still in the early stages of research, it appears to have 
good promise of being a small-size electric rocket engine 
with good performance. 


Electron-Bombardment lon Rocket Engine 


As mentioned in a previous section, the ionization 
process in the ion rocket engine must be accomplished 
with a low expenditure of power and a low loss of 
neutral atoms. Of the many ways of ionizing atoms, 
the electron-bombardment and _ contact-ionization 
methods theoretically have the lowest power consump- 
tion and best probability of ionizing all propellant 
atoms. In the electron-bombardment ion source, 
ionization of atoms occurs through collisions of electrons 
with the neutral atoms—that is, as a result of the 
collision between a high-velocity electron and a slowly 
moving neutral atom, some of the kinetic energy of the 
moving electron is expended in tearing another electron 
loose from its orbit in the atom, thereby leaving the atom 
with a net positive charge. Because of the low electron- 
ion ionizing cross section, the high-velocity electrons 
require many “‘passes’’ at the neutral atoms before an 
ionizing collision can take place (in the average sense of 
probability). Early electron-bombardment ion sources, 
such as the Von Ardenne ion source,?® use electric ares 
to provide the high-velocity electrons and _ strong 
magnetic fields to cause the electrons to follow a spiral 
path, thereby increasing the electron path length and 
increasing the probability of an ionizing collision before 
the electron reaches the anode. In a very recent 
research project, Harold R. Kaufman of Lewis Research 
Center has demonstrated that an electron bombardment 
source without an arc, and with very low magnetic 
field strength, can be a very efficient source of ions for 
electric rocket engines.*° 

A diagram of Kaufman’s electron-bombardment ion 
rocket engine is shown in Fig. 22(a), and a photograph 
of the experimental engine is shown in Fig. 22(b). 
Mercury vapor propellant flows into the ionizer 
chamber, where it is ionized by electrons from the 
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New AiResearch system delivers nitrogen in liquid form 


Now units requiring cryogenic cooling no longer need be 
designed with allowances made for bulky expanders or adjacent 
storage tanks. 

The new AiResearch system transfers the coolant in liquid 
form to a point of use 25 feet or more away. The liquefied gas 
passes through an uninsulated, small, flexible tube which can 
be bent over and around obstructions. Because the storage 
system can be placed anywhere, space limitations are overcome 
and vehicle installation problems are simplified. 


THE 


The complete system includes the cryogenic liquid container, 
pressure and flow controls, the liquid transfer tube and cooling 
adapter. The system can be operated without external power. 
It can be used with missile, aircraft, space or ground based 
units and can be converted to a closed-cycle system with the 
addition of a small gas liquefier. 

AiResearch has pioneered many new developments in the 
cryogenic field. It is presently engaged in work on systems 
utilizing helium, hydrogen or neon as coolants, and cryogenic 
systems for zero G operation. 
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Fig. 23. Contact-ionization ionizers for ion rockets. 


electron emitter. The magnetic field causes the 
electrons emitted from the filament to gyrate, and 
collisions with atoms and other electrons allow the 
electrons to drift to the portion of the wall held at a 
slight potential above the accelerating potential V. 
Ions formed by this process are given a small velocity 
toward the screen grid (an array of parallel wires) by 
the potential dV. From the plane of the screen grid, 
the mercury ions are accelerated by the potential 
difference V between the screen and accelerating grid 
electrodes. The energy expended in the ionization 
process is primarily the power required to emit and 
accelerate the ionizing electrons, and the power neces- 
sary to maintain the weak magnetic field. 

Although this ion rocket engine is in the preliminary 
stages of research, it has consistently operated with good 
performance. For example, at a specific impulse of 
5,500 sec., the power efficiency is 69 per cent, and 83 
per cent of the mercury atoms are ionized and 
accelerated. Modifications to this experimental engine 
are now being made, and considerable improvement of 
its performance is expected. 


Contact-lonization lon Rocket Engines 


In one of his early papers, Stuhlinger*® suggested that 
contact ionization might provide a suitable ion source for 
ion rocket engines. Experimental physicists such as 
Irving Langmuir and J. A. Becker had done. much 
research dating back to the 1920’s which showed that 
alkali metal atoms could be singly ionized upon contact 
with surfaces such as tungsten and platinum. Be- 
cause of the low ionization potential of the alkali atom, 
an electron from the atom becomes trapped in the high- 
work-function surface so that, when the atom 
evaporates from the surface, the electron is left behind 
and the atom has a net positive charge. For this 
process to occur, the work function of the surface 
must be larger than the ionization potential of the 
atom, and, since the presence of surface films of alkali 
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atoms considerably reduces the work function, he 
ionizing surface must be only lightly covered at «uy 
instant (say 1 per cent coverage). To obtain pr ic- 
tical values of ion current density from such surfaces, 
the residence time of the atom on the surface must be 
short—i.e., high evaporation rates—so that the suriuce 
temperature must be high. For the current densities 
required of ion rocket engines, tungsten surface tem- 
peratures must be about 2,000°F. when cesium is used 
as a propellant. [The cesium-tungsten system has a 
very high probability of ionization, and the cesium ion 
is massive, as required by Eq. (9). ] 

The three contact-ionization configurations that have 
received the most research attention are shown in 
Fig. 23. Inthe through-feed ionizer, neutral propellant 
atoms are ionized by contact with the hot metal 
surfaces as the atoms pass through the array of strips. 
In the reverse-feed ionizer, propellant atoms impinge 
on the ionizer surface where ionization occurs. The 
porous ionizer is similar to the through-feed ionizer, 
except that the flow through the last portion of the 
very small pores (say, l-micron diameter) may occur 
by surface diffusion rather than by gas kinetic flow. 
In all three of these schemes, the hot ionizer surface is 
exposed to outer space through the exhaust aperture 
of the ion rocket engine, as shown in Fig. 21. Be- 
cause of the high temperature of the contact-ionization 
surface, considerable radiant heat transfer occurs, and 
this power loss must be charged to the engine as an 
inefficiency. Since the power required to vaporize and 
ionize the propellant is very small in the contact- 
ionization engine, the power efficiency 7 is generally 
written 

P, 1 
(10) 
Py t+ Pra 1+ (oeT*F/jAV) 
where P, is the ion beam power, P,q is the radiant 
power loss, o is the Stephan-Boltzmann constant, « is 
the emissivity of the ionizer surface, and F is a radiant 
heat-transfer form factor. 

From inspection of Eq. (10), it is apparent that the 
beam power jAV must be greater than the radiant 
power loss if contact-ionization ion rockets (with 
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Fig. 25. Grid-electrode ion rocket engine.”° 
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Fig. 26. Reverse-feed ion rocket engine.*® 
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ionizers such as those shown in Fig. 23) are to be ei1i- 
cient. Since the accelerating potential is proportio:.al 
to the square of the exhaust velocity as shown in 
Eq. (7), the current density 7 must be high in order to 
obtain good power efficiency for the lower range of 
specific impulse. To have high current density, the 
accelerator length must be short, as shown by Eq. (s). 
An alternative to short accelerator length is offered by 
the accelerate-decelerate system, wherein the ions are 
first accelerated to high velocity by the first set of 
electrodes shown in Fig. 21, and then decelerated by 
the second set of electrodes to provide the proper 
specific impulse for the space mission. Since the 
current density is primarily limited by the ion charge 
density at the ionizer, the ‘‘accel-decel’’ system essen- 
tially increases the current density by increasing the 
AV in Eq. (6), where AV is now the potential difference 
between the ionizer and the first set of electrodes and L 
is the spacing between these two components. 

A comparison between the accel-only and the accel- 
decel systems is shown in Fig. 24 for a particular set of 
mission requirements. It is assumed that 30 kw. of 
electric power is available and that a thrust of 0.1 
Ib. is desired at two values of specific impulse, 4,000 
and 6,000 sec. (which corresponds to power efficiencies 
of 29 and 44 per cent, respectively). On the right of 
Fig. 24, ion current density is plotted against the 
product of ratios, which essentially express the ratio of 
ideal to actual heat loss. On the left, ion current 
density is plotted against the ionizer - accel-electrode 
spacing for various ratios of AV;/AVner, where AV; 
is the potential difference between the ionizer and the 
accel-electrode (first set in Fig. 21) and AVy,; is the 
net accelerator potential between the ionizer and decel- 
electrode (second set of electrodes in Fig. 21). Fig. 24 
is valid for the cesium-tungsten system; the Reynolds® 
expression for ionizer surface temperature was used, and 
it was assumed that the accelerator could be represented 
by the Child-Langmuir law. 

For example, if the ionizing surface became con- 
taminated so that the emissivity and surface tempera- 
ture were both 10 per cent above the ideal values, and if 
the form factor were 1.0, then the abscissa value on the 
right of Fig. 24 would be 0.6, and the current density 
required at a specific impulse of 4,000 sec. would be 19 
amp./m.*. If an accel-only system were used, the 
accelerator length would have to be 3 mm. or less. If 
an accel-decel system were used with a AV;/ANpe: of 5, 
the ionizer - accel-electrode spacing could be 1 cm. 
Although these accelerator spacings are small by 
usual manufacturing practice, experimental ion rocket 
engines having such dimensions have been fabricated 
and successfully operated. Another important ob- 
servation from Fig. 24 is that, as specific impulse is 
increased, the accelerator spacing requirements are 
considerably relaxed. 

Childs?* 82 has shown theoretically that a grid- 
electrode ion rocket engine with accelerator electrode 
spacings of 1 mm. may have good performance at 
specific impulse values as low as 2,000 sec. A diagram 


Kee 
oom 
3 
| 
7) 
Za 
‘A 
A> 
wir 
al 
| | 
i 
Ip 
AW 


T 
ECHO 


On August 12th, 1960, JPL scientists at 
Goldstone, California, radioed the world’s first transcontinental 
microwave message to be relayed by a passive, artificial 
earth satellite. This satellite was the 100 ft. plastic balloon Echo | 
orbiting around the Earth at an altitude of approximately 1,000 miles. 
A pre-recorded statement by President Eisenhower was received 
2,300 land miles away by scientists of the Bell Telephone Laboratories 
at Holmdel, New Jersey, as clearly as any conventional 
telephone call, in a fraction of a second. 
Later in the course of the Echo experiment, the scientists 
at Goldstone and Holmdel conducted 2-way voice communication 
via the balloon satellite, Goldstone transmitting 
at 2,390 megacycles and Holmdel at 960 megacycles. 
This successful experiment has demonstrated the feasibility of 
worldwide communication 
and is typical of many pioneering achievements 
of the Jet Propulsion Laboratory. 
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of a grid-electrode configuration is shown in Fig. 
25(a). The ionizer could be either the reverse-feed 
or porous type and is shaped to focus the ion trajectories 
through the electrode apertures. Theoretical analysis* 
indicates that, with AV,/AV,.. greater than 4.0, power 
efficiencies of over 50 per cent at a specific impulse of 
2,000 sec. may be possible with 1.0-mm. spacings be- 
tween the (0.1-mm.-diam. electrodes and the ionizer. A 
reverse-feed version of an experimental engine with 
these spacings and electrode sizes is shown in Fig. 
25(b) and is presently being tested at the Lewis Re- 
search Center. 

Another example of a reverse-feed engine is shown in 
Fig. 26. Vapor cesium propellant is injected through 
slits in the hollow accelerating electrodes, impinges on 
the heated tungsten ionizer, and is accelerated rearward 
through the exhaust aperature. Lockwood** has 
reported a power efficiency of 50 per cent, a propellant 
utilization efficiency of 85 per cent, and less than | per 
cent ion interception by the electrodes, at a specific 
impulse of 16,000 sec. The propellant vapor leaving 
the injector slit is in free-molecular flow so that some of 
the propellant misses the ionizer surface because of the 
semirandom efflux pattern. This problem is under 
further analytical and experimental study. 

A through-feed engine design is shown in Fig. 27. 
Cesium propellant vapor is distributed uniformly and 
impinges on the tungsten ionizer strips, is ionized, and 
is accelerated through Pierce electrodes. Because the 
accelerator aperature was larger than the accelerator 
length, accelerator grid wires were necessary to preserve 
the potential field required by the Pierce electrode 
design. Dangle** has reported a power efficiency of 
30 per cent and a propellant utilization efficiency of 50) 
per cent at a specific impulse of 17,000 sec. Further 
experimental research with this engine concept is 
being done at Lewis Research Center. 

The propellant flow approaching the ionizer in any of 
the three ionizer schemes shown in Fig. 23 is at such a 
low pressure that the molecular mean free path is of the 
same order as (or larger than) the size of the channel, 
slit, or pore. In the resulting near free-molecular flow, 
the neutral atoms travel in straight paths, mostly 
interrupted only by solid surfaces. To prevent serious 
loss of propellant, it appears that the through-feed 
ionizer must have a close spacing between the rows of 
strips, and the configuration will then be similar to the 
reverse-feed ionizer. 

The choice of ionizer is then reduced to two—the 
reverse-feed and the porous ionizer. Very approximate 
analyses have indicated that the pore size in a porous 
ionizer should be 1 micron or less for maximum current 
density and minimum neutral loss. Small, porous 
tungsten blocks of the type used for electron emitters in 
electronic devices are available and have been operated 
at a number of laboratories as cesium ion emitters. 
However, accurate experimental measurements of the 
neutral atom loss from such porous ionizers have not 
been reported as yet. In addition, the control of pore 
size in the submicron range, the elimination of pore 


50 Aerospace Engineering + November 1960 


blockage, and the fabrication of porous tungsten pices 
with a maximum number of pores per unit area hive 
not been demonstrated as yet. 

The reverse-feed ionizer scheme also has its probleiis, 
As mentioned previously, charge exchange between 
accelerating ions and neutral atoms can cause serious 
sputtering of accelerator electrodes. In the reverse- 
feed ionizer, neutral atoms must pass directly through 
the accelerating ion stream before reaching the ionizer 
surface so that charge exchange might appear to be a 
more serious problem with the reverse-feed ionizer than 
with the porous ionizer. More experimental and 
theoretical research is necessary before a definite 
choice can be made between these two ionizer schenies, 

Most of the discussion in this section has been 
concerned with ionization and acceleration, and the 
term “‘engine’’ has been loosely applied to devices 
which are only ion accelerators, without the neutralizer 
necessary to the ion rocket engine. Much theoretical 
analysis and some basic experimental work have been 
done on the neutralization of the ion exhaust beam. 
Since the neutralized ion beam is a plasma, the com- 
plexities mentioned previously with regard to plasma 
rocket engines are present in the ion rocket engine 
neutralizer. Because of the complex nature of real 
plasma, theoretical analyses of ion beam neutralization 
contain many assumptions that invalidate their practical 
use. In a recent paper, Brewer*! has reported that a 
small ion exhaust beam has been effectively neutralized 
under carefully controlled experimental conditions. 
Brewer’s neutralizer consisted of electrodes with a 
particular electrode shape, determined empirically with 
an electrolytic analog having approximate simulation of 
space charge effects. The neutralization of larger, more 
powerful ion exhaust beams remains to be demon- 
strated. 


Concluding Remarks 


Experiment and theoretical analysis have shown 
definitely that the electric rocket engine is a practical 
device for high performance in space flight. Many 
research and development problems remain to be 
solved, but all have solutions in theory. Detailed 
mission analysis has shown that the nuclear rocket may 
be competitive with the electric rocket for probes and 
manned flights to the near planets. For satellite con- 
trol and raising, lunar ferries, and deep space flight, 
the electric rocket appears to be clearly superior to the 
chemical rocket, and to the nuclear rocket in its present 
form. The development of lighter weight electric 
power plants will make such comparisons more extreme 
since the power-plant weight is a prime factor in 
limiting electric spacecraft performance. 

The feasibility of practical space flight is generally 
accepted. The justification of space flight is not so 
clear cut in all cases. Strong economic justification 
certainly can be made for communications satellites 
and meteorological satellites. Scientifically speaking, 
space flight opens a whole new realm of investigation of 
the secrets of the universe. Manned space flight and 
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One of our most challenging research programs is an 
investigation of the microstructure of solids. By studying | 
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standing of these basic building blocks of nature. Eventually, | 
we hope to learn how to modify or eliminate these defects and 
thus better control the physical and mechanical properties | 
of materials. 
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the exploration of the solar system perhaps must be 
justified on more philosophical grounds. A little girl 
in Kassel, Germany, once asked the author why he 
worked on rockets and space flight. With the aid of an 
English-Deutsch dictionary, the following reply was 
laboriously made: 

“Volk muss haben gross Musik, Biichen, und Kunst. 
Und Volk muss haben gross Abenteuer.” 
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Simulated Flight Testing 


(Continued from page 17) 


The first attempt to control the pumping ratio was 
made by injecting water into the mixing tube. This 
method provided some control but only at the higher 
pumping pressure ratios (pyw/p,). A second system con- 
sisted of a remotely controlled sleeve valve (Fig. 2). 
This valve bled outside air into the forward end of the 
mixing tube to reduce the simulated altitude. This 
provided system flexibility such that operation over 
the required altitude-Mach range was attainable. The 
pumping characteristics of this exhauster system are 
presented in Fig. 3a, along with the pumping character- 
istics of the model ejector of reference 2, for approxi- 
mately the same secondary to primary nozzle weight 
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BENDIX ELECTRICAL POWER HELPS PUT 
“SUNDAY PUNCH” IN U.S. MISSILES 
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SIMULATED ALTITUDE FACILITY 
EJECTOR PUMPING CAPABILITIES 
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Figs. 3a (top) and 3b (bottom). 


flow ratios (l2/Wi). The full-scale ejector with a 
diffuser area ratio of 2.0 and the model ejector with a 
diffuser area ratio of 6.25 compare very well up to a 
primary nozzle pressure ratio of 1.55. Above 1.55, 
full-scale pumping slightly exceeds that of the model. 
Injection of water into the outer periphery of the 
exhaust jet lowered the pumping curve so that a 
higher altitude could be simulated at lower primary 
nozzle pressure ratios. This is probably due to in- 
creased stagnation pressure in the gas stream caused by 
cooling.* However, it appears the amount gained is 
determined by the ejector configuration and pumping 
parameters. 

The capabilities of the exhauster with a J79-5 engine 
in terms of altitude and Mach number are shown in 
Fig. 3b. The meximum simulated altitude was 23,000 
ft. with a Mech number of 1.2. This was attained at 
91 per cent corrected r.p.m. without water injection. 
However, 20,000 ft. could be simulated with a Mach 
number of 1.1 over a range of corrected r.p.m. from 
88.3 to 100 per cent. 

By using the sleeve valve, a wide range of engine 
speed, simulated Mach numbers, and corresponding 
altitudes could be obtained. At a cruise Mach number 
of 0.92 (Alt. = 15,000 ft.), N/+/6@ was varied from 87.2 
to 102.5 per cent. 


Scale Thrust Measurement 


Accurate gross thrust measurement of the cowled 
engine was a prime objective. This thrust was deter- 
mined from strain gage, scale forces, and measured 
pressure-area and mass-velocity force terms. Because 
friction forces are difficult to determine, the two places 


54 Aerospace Engineering + November 1960 


where friction was most likely to be encountered were 
carefully designed to reduce friction to a minimum. 
These two places are the inlet and exhaust section of 
the nacelle where the independently supported necelle 
mates with the ground-supported inlet bellmouth, and 
where the ground-supported exhaust mixing tube mates 
with the engine nozzle. The inlet joint consists of a 
frictionless rubber diaphragm seal, while the joint in 
the exhaust section consists of a variable air gap 
(approximately 1/8 in.) around the circumference as 
shown in Fig. 2. Four ball bearings are used as guides 
to keep the mixing tube from touching the plenum 
chamber. 


The thrust suspension system consists of an over- 
head rectangular truss to which the pylon, nacelle, and 
engine are attached. The truss is suspended from the 
walls of the test cell by four short vertical links with 
bearings in each end. The measuring system is made 
up of two temperature-compensated strain gages which 
connect the two rear links to the test cell wall es shown 
in Fig. 2. Thus the truss is restrained from any fore 
or aft movement. The two strain gages form one leg 
of a Wheatstone bridge whose output is amplified and 
fed into a self-recording potentiometer. To calibrate 
the system, lead weights were hung on a cable-pulley 
arrangement that applied the weight force to the center- 
line of the engine while the potentiometer was recording. 
The lead weights were individually weighed, and a 
separate test was performed to determine the frictional 
forces incurred in the pulley bearings and the bending 
of the cables. The calibration provided a linear rela- 
tion between potentiometer indication and weight 
applied, with a hysteresis of +25 lbs. over a range of 
Q to 5,200 Ibs. The calibration was accomplished 
with the bellmouth, nozzle plenum, and mixing tube 
in place to account for any friction in the seal arrange- 
ment. 


Seale force may be visualized to consist of the sum 
of inlet and exhaust forces. From the schematic 
diagram on Fig. 2, the forces may be stated as follows: 


= + mVi + (Am — Ata)Po + 
A) 2\(po = Pia) + (Aia 


= A spy (An Aw) Po (Aw A 9) Pro 
Facet F Finjet 


Asps moV5 = Apo + Ay) pw 
Ajpi- mVy+ AaPo — A) 21x 
(po — Pra) — A})Pia 


Now engine gross thrust (F,) = myVy + Ay (py — Pw) 
So Fy = Feeate + — Awpwo + Aifi + - 
A + [(Aia 2\(p, Pra) + (Ata 

Thus by measuring scale force and pressure-area 
and mass-velocity forces as indicated in the preceding 
equation, the engine gross thrust may be determined. 
In order to determine accurately some of the terms, it 
was necessary to integrate measured pressures over the 
areas involved. 
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This is a vapor screen 
photograph of hypersonic 
Mach 8 flow about a delta 
wing with underslung cone, taken in 
Arnold Engineering Development Center tunnel B. 
Photo was made during Grumman research experiments, 
partially supported by Air Force Wright Air 
Development Division Flight Control Laboratory. 


Shock pattern is discernible along the shock layer 
on wing (light area), boundary layer on wing (dark region), 
and shock layer on body (dark region). Bright white line on 

underside of wing and body is reflection of light screen. 


This photo characterizes the work Grumman is doing in hyper- 
sonic aerodynamics. Other efforts at Grumman include continu- 
ing design and development work on orbiting observatories, 
interplanetary communication systems, re-entry vehicles and 
reconnaissance satellites, to name a few. 


Most important: Grumman has the “‘people capability” to trans- 
form advanced ideas to reality. So... if you have a problem 
that’s far out . . . call Grumman in. 


ADVANCED IDEAS GROW INTO REALITY AT 


AIRCRAFT ENGINEERING CORPORATION 
Bethpage Long Island New York 
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Conclusion 


The method outlined here is useful in calibrating 
thrust instrumentation. Instrumentation thus cali- 
brated was actually used to obtain thrust on a Convair 
B-58 and contributed substantially to the selection of a 
procedure to be used to obtain the accepted values of 
thrust, drag, specific fuel consumption, and other im- 
portant performance parameters. Additional data 
can be obtained with the simulated altitude facility— 
for example, information was obtained on (1) the 
effects of primary nozzle area on specific fuel consump- 
tion, (2) the amount of secondary and primary engine 
airflow, and (3) the thrust loss due to main-stream 
swirl. 

The procedure is capable of being expanded as to 
both the kind of tests run and the altitude-Mach 
number obtained. For example, hot-day or high- 
altitude take-off power can be run. Additional pump- 
ing by engines other than the engine being tested could 
add to the facility Mach-altitude capabilities. 
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Maneuvering Space Vehicles 
(Continued from page 23) 


Modular Space Ferry 


The basic ORV described provides considerable flexi- 
bility for selection of mission and payload. _ In ad- 
dition, ORV has the highly desirable characteristic of 
being readily adaptable and expandable in the frame- 
work of a modular concept. The four basic modules 
considered are terminally guided orbital re-entry vehicle 
(ORV), parachute landing system (two sizes, depend- 
ing on recovered weight, physically interchangeable), 
supplemental payload vehicle, and space maneuver 
stage. 

Possible combinations of these four modules for six 
different vehicle models are shown in Table 3. In 
Model 1, the ORV flies alone and is recoverable. In 
Model 2, the ORV is recoverable and the supplemental 
payload unit is not recoverable. In Model 3, the 
ORV and supplemental payload unit are both re- 
coverable. In Model 4, the ORV is recoverable and 
flies with a space maneuver stage vehicle, as for rendez- 
vous. In Model 5, the ORV is recoverable, the 
supplemental payload unit is not, and both are used 
with a space maneuver vehicle. In Model 6, both the 
ORV and the supplemental payload unit are recover- 
able, and both are used with the space maneuver 
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Table 3. Modular Concept 


BASIC MODULES 


> 
C2 = 
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< =o = 
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qa oo 
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2. TERMINALLY GUIDED VEHICLE 
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PAYLOAD UNIT NON-RECOVERABLE. 


3 TERMINALLY GUIDED VEHICLE 
AND SUPPLEMENTAL PAYLOAD x x x 
UNIT RECOVERABLE 


4 TERMINALLY GUIDED VEHICLE 
RECOVERABLE; SPACE MANEUVER xX x x 
VEHICLE NON-RECOVERABLE 


5 TERMINALLY GUIDED VEHICLE 
RECOVERABLE; SUPPLEMENTAL 
PAYLOAD UN!T NON-RECOVERABLE; x x x x 
SPACE MANEUVER VEHICLE 
NON-RECOVERABLE 


6. TERMINALLY GUIDED VEHICLE 
AND SUPPLEMENTAL PAYLOAD 
UNIT RECOVERABLE; SPACE x x x x 
MANEUVER VEHICLE 
NON-RECOVERABLE 


vehicle. The flexibility of such a concept is evident, 
as is the advantage of initiating development of the 
basic modules one at a time, as required for continuously 
developing missions. 

Those vehicle models containing the space maneuver 
module have all the fundamental elements required fora 
modular space ferry (see Fig. 15). In this modular 
space ferry concept, the cargo sections can be built to 
interchange with special sections for a specific mission 
requirement such as personnel transfer. On a given 
mission, if the cargo section is not needed for the return 
portion of that mission, this section could be detached 
and left at the space station for loading and pickup 
by another ferry vehicle. It may be possible to de- 
velop a space freight train concept by utilizing some 
unmanned units to be later collected and delivered by a 
manned vehicle. It should be noted that the crew 
module shown is only a possible configuration. The 
position of the crew might have to be varied for re- 
entry in order to reduce the g loading on the bodies in 
the event of a control failure and ballistic, rather than 
glide, return. For this vehicle it may also be necessary 
to provide an external fairing for aerodynamic stability 
of the total vehicle with booster during boost from the 
earth’s surface. 


Fig. 15. Modular ferry. 
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TITAN—5O miles up: Official USAF Photo 


Air Force-Martin Titan, giant American ICBM, has 
been chosen for a key role in space exploration. One of its 
first »issions will be to launch USAF Dyna-Soar — 
mann d aerospace craft. 


At 1° GMT, 1,19 artin logged its 724,620,000th mile of space flight = = 
0. ,N 1960, Martin | its 72 000th mile of space flight 
pes! 


Automation Industries, Inc., machines this com 


plex wheel-well bulkhead for the Convair B-58 
from a hand-forged, stress-relieved, ultrasonically inspected slab of 7079-T651 Alcoa® Aluminum. 


Alcoa stretches aluminum to cut 
wasteful warpage for Automation Industries 


Residual stresses in heat-treated parts can cause prob- 
lems during machining: bowed parts, difficult straight- 
ening, extra machine setups. Stretching hand forgings 
(companion Alcoa development to compressive stress- 
relief) “relaxes” them, can relieve internal stresses even 
better than compressing. 


MID-CONTINENT Division of Automation Industries, 
Inc., needs 12-ft aluminum forgings with a maximum of 
stress-relief. From each half-ton slab, Mid-Continent 
precision-machines 78-lb wheel-well bulkheads for Con- 
vair’s B-58 Hustler. Bow tolerance: 0.001 in./in. 


TO SUPPLY the stock for this part, Alcoa stretches 
4!,x23!4x 144-in. billets a carefully controlled amount, 
right after heat treating. Almost two decades of experi- 
ence in stretching for stress-relief have proved subse- 
quent warpage is reduced an average 95 per cent. Alcoa 
inspects each slab ultrasonically before shipment to 
the customer. 


REMOVING 94 per cent of the metal in a series of 
extremely precise operations, Automation Industries 


58 Aerospace Engineering + 


November 1960 


doesn’t even have to clamp Alcoa forged billet down. 
It’s so free of residual stresses that vacuum is enough 
to hold it throughout lengthy machining. For all prac- 
tical purposes, warpage and expensive straightening 
are eliminated. 


Alcoa has been stress-relieving aluminum by stretch- 
ing, compressing and other processes longer than anyone 
else, but we’re not relaxing ourselves. Even though we 
now can supply stress-relieved forgings, sheet, plate, 
extrusions and rolled parts, intensive research continues 
on new and improved methods. For technical help, 
call your nearest Alcoa sales office, or write Aluminum 
Company of America, 2025-L Alcoa Building, Pitts- 
burgh 19, Pennsylvania. 


VWaALcoa ALUMIP 
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For exciting drama watch ALCOA PRESENTS every Tuesday evening, ABC-TV 


ALUMINUM COMPANY OF AMERICA 
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Conclusions 


The parametric design and performance studies pre- 
sented show that many maneuverable space vehicle 
missions can be performed with present or near-future 
hardware state of the art. Other missions require 
extensive hardware development, particularly in the 
area of high specific impulse propulsion. 
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Anti-Skid System (Continued from page 27) 


amplifier B is added. This amplifier is designed with a 
relatively large time-constant so that it is sensitive 
only to the component wo of wheel angular velocity, and 
acts to maintain the generator excitation voltage K 
at such a value that Kwo is constant. The accelerator 
output is now independent of wo and the generator out- 
put is inversely proportional to wo, in consequence of 
which the overall system operation is as before, ex- 
cept that the general level of signals is now independent 
of changes in wo. 


Time-Constants and Dither Period 


Ina typical landing run, the wheel angular velocity 
is reduced from its maximum value to zero in a time of 
the order of 40 sec. Thus the time constant RC, in 
Fig. 4, or its equivalent in amplifier B in Fig. 6, may 
well be as large as a few seconds. 

The value of k in Eq. (7) should be such that the 
effective time-constant of the braking system tran- 
sients is small compared to R:C;. Hence this time-con- 
stant may well be some substantial fraction of a sec- 
ond. 

The dither period should be small compared to the 
effective time-constant of the braking system transients 


LOAD 
DRIVEN FORCE 
SOFT R 
WHEEL TIRE TRANSDUCE 
F+AF 
weAw 
Wo 
he 
“a 
G RESTRAINING 
DRIVER WHEEL: BAR 


Fig. 7. Breadboard arrangement. 


so that the latter are blocked by elements R:, C2. and 
Rs, C3 in Fig. 4 without unduly attenuating the a.c. 
components resulting from dither. A small dither 
period also permits amplifier A to drive motor M to 
its equilibrium position in a time very short compared 
to the transient time-constant, as has been assumed in 
the previous analysis; an undue increase in motor po- 
sitioning time may possibly lead to instability of the 
system. Further, the dither period should not be less 
than the time-constant of the response of the wheel 
angular velocity to changes in brake torque; this time- 
constant increases with the mass moment of inertia of 
the wheel and with increasing aircraft speed, and can 
also be shown to increase with the reciprocal of the 
slope of the curve of F vs. S. However, the dither 
period need not necessarily be large compared to this 
time-constant since it can be shown that AF and Aw 
in Eq. (2) are equally attenuated and phase-shifted, 
with respect to brake-torque fluctuations, as a result of 
wheel inertia. These various considerations are ex- 
pected to lead to a dither period of several cycles per 
second. 


Additional Dither Requirements 


The force producing the dither in valve |” should be 
great enough to produce appreciable dither in spite of 
friction, play, and elasticity in the valve and con- 
nected parts. However, the magnitude of dither need 
not be held to close limits since it is not used as data 
in the system. The dither may be highly nonsinusoidal 
since provision can readily be made in Fig. 4 for filtering 
out higher harmonics. 

The dither frequency should of course not be such as 
to induce significant vibrational resonances in the air- 
craft structure. 


Recommended Future Program 


Prior to installing the system in an actual aircraft, 
it will be desirable to build it and check it roughly on a 
breadboard. A _ suitable experimental arrangement 
for this purpose is shown in Fig. 7. The driver wheel 
is turned by an engine (not shown) whose angular 
velocity, which may be changed continuously to sim- 
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ulate a landing run, is essentially unaffected by dis- 


turbances of the driven wheel. The latter is subjected 
to a vertical load and has a soft tire of such character- 
istics that, operating against the surface of the driver 
wheel, it approximates the behavior of an aircraft 
wheel on a runway. The brakes (not shown) are ap- 
plied to the driven wheel and are subjected to a suit- 
able dither. Generator G, mounted on the driven 
wheel and excited in the manner of Fig. 6, provides 
the output (w + Aw)/w). The force transducer (which 
may be a strain gage) is mounted on the restraining 
bar and provides the output F + AF. 

The breadboard of the rest of the system follows 
conventional instrumentation practice. The normal 
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Space Reconnaissance (Continved from page 31) 


force between the wheels, as well as the surface con- 
ditions, may be modified to simulate different con. 
ditions of airplane loading and ground. 
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Aperture and Equipment Size 


In order to take a photograph from high altitude on 
a clear day with film such as Plus X, a lens system of 
about f,/11 aperture ratio and an exposure time of 
about 1 100 sec. are required. As the focal lengths 
increase for the same aperture ratio, the diameter of 
the lens increases. Thus the volume limitation and 
weight limitation of the vehicle enters the problem. 
There are a number of trade-offs possible between 
aperture ratio, shutter speed, and film properties which 
yield a reasonable system. 


Parameter Curve 


The parameter curve (Graph C) shows some of the 
variables. It is important to note the diffraction limit 
of the lens system which shows that, as the lens is 
stopped down, the capability of the system is reduced. 


There are films being developed with adequate 
resolving power and ASA rating to cover the lens 
systems now available. The state of the art in film is 
in step with the field so that film is not a limiting fae- 
tor. 
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Project ECHO 


Insatellites and ground equipment, RCA space systems set outstanding performance record. 


With its third consecutive satellite success, RCA Astro-Elec- 
tronics Division has made “reliability” meaningful in space 
systems engineering and development. Read the “Reliability 
Record” for yourself. 

December, 1958: Project SCORE. AED developed the com- 
munications and control systems for the U.S. Army Signal 
Corps’ “Talking Atlas”, part of a program under ARPA, Dept. 
of Defense. Transmitters, receivers and control units in the 
satellite and at the ground stations all operated perfectly as the 
“Talking Atlas” broadcast the President’s Christmas message 
and proved the feasibility of active communications satellites. 
_ April, 1960: TIROS I. The sophisticated satellite, including 
ils structural design as well as the electronic systems, and its 
ground stations were developed and built for NASA by AED 
under the technical direction of the U.S. Army Signal Corps. 
It accomplished its mission in meteorological observation, send- 


ing down over 20,000 TV pictures of earth and its cloud cover. 


August, 1960: Project ECHO. The only electronic equipment 
on this 100-foot balloon, launched by NASA to prove the 
feasibility of passive communications satellites, are two “dinner 
plate” beacon transmitters 10 inches across by ¥% inch thick, 
including storage batteries and solar cells. These units, designed 
to permit beacon tracking of the satellite, weigh only 11 ounces 
apiece and were developed and built by AED. 


As more and more sophisticated space systems are developed, 
AED will continue to design for reliability in this most demand- 
ing of all environments. To find out how you can draw on this 
dependable R&D capability, contact the Manager, Marketing, 
RCA Astro-Electronics Division. If you are interested in par- 
ticipating in this challenging team effort, contact the Employ- 
ment Manager, Astro-Electronics Division, Defense Electronics 
Products, at RCA’s “Space Center” in Princeton, N. J. 


The Most Trusted Name in Electronics 
RADIO CORPORATION OF AMERICA 
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Conclusion 


Radar seems capable of obtaining some geophysical 
data on surface composition and structure. Further 
development along these lines is needed. 

Telemetering of data, either TV or photo-transmis- 
sion back to earth where actual data recovery is not 
possible, requires a great deal of development effort. 
The 200-lb. transmitter sending 10’ bits per sec. from 
the moon or 5,000 bits per sec. from Venus, and requir- 
ing a 60-ft. antenna on earth, leave much to be de- 
sired.* 

There is photographic system technology in existence 
with sufficient know-how to design systems with focal 
length and resolution to satisfy the most exacting re- 
quirement of space reconnaissance for orbital altitudes 
up to a few hundred miles. The physics of the situ- 
ation is quite clear as to the angular resolution require- 
ment of ground targets. The photochemistry of photog- 
raphy and the elements of radar and infrared are well 
understood in practice. Application of this available 
knowledge in space programs has been slow but steady. 
Recent photographs and TV pictures of varying resolu- 
tion have been obtained from space vehicles. These 
photographs are not as good as those obtained from 
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the V-2 shots in 1950 (see the National Geogra phic, 
October, 1950). The techniques of long focal length 
cameras of reasonable (attainable) resolution are « vail- 
able. The optical technology has progressed to ap. 
proach the diffraction limited lens. Film properties 
and processing are being upgraded so 100 1./mm. per- 
formance is being realized. Infrared and radar are 
wavelength limited but, when used with photography, 
give good capability of reconnaissance. Each situation, 
air or orbit, has a unique optimum solution of recon- 
naissance equipment. 
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Capsule—G. B. North 

60-102 Design of an Inlet Duct for the Propeller-Turbine 
Installation ona STOL Aircraft—D. H. Henshaw 

60-103 Long-Range Communication with Aircraft—J. 
Meek 

60-104 The Development of a Global Communications 


Satellite System—A. M. Levine 
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Fans, rotors, turbines, gears, wheels, and shafts are but a few of 
the thousands of rotating devices that can be checked under 
dynamic operating conditions with the new Strobotac . This in- 
strument’s short-duration bright, white light ‘‘freezes’’ any cyclic 
motion, permitting the observation of fine details. Speed can be 
accurately measured... or, by slightly offsetting the Strobotac’s 
flashing rate from the actual rotational rate, objects can be ob- 
served in apparent slow motion. 


% Useful up to 250,000 rpm. 
Direct reading range cali- 
brated from 110 to 25,000 
rpm; accurate to +=1%. 


model. Long-throw beam 
reaches deep into dark 
crannies of machinery. 


New mechanical features 
... pivoting lamp...a 
carrying case which pro- 
vides protection and 
doubles as an adjustable 
stand for bench use. 


Short 0.8 usec flash dura- 
tion on high-speed range. 


* Light 70 times brighter 
than that of previous 


Type 1531-A Strobotac® Electronic Tachometer 
and Motion Analyzer ... $260. 


Laboratory, 


(Photo courtesy of MIT Aeroelastic and Structures Research 
Department of Aeronautics and Astronautics.) 


The Strobotac’s long-throw beam makes it possible to observe in detail 
a model helicopter rotor operating in a wind tunnel. Blade lag and 
flapping are clearly observed in slow-motion. This technique shows 
what is happening to the rotor under various flight conditions and at 
the same time serves as a visual check on vibration data provided by 
Strain gages mounted on the rotor head. 


Write For Complete Information 


GENERAL 


At General Electric’s Small Aircraft Engine Department, the Strobotac 
helps engineers examine vibratory modes in aircraft gas-turbine 
blades. In this work, the new Strobotac’s short-duration white light 
greatly improves visual resolution. Mode shapes are clearly defined at 
various excitation frequencies produced by an electro-magnetic driver. 


RADIO COMPANY 


WEST CONCORD, MASSACHUSETTS 


NEW YORK, WOrth 4-2722 
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NEW JERSEY, Ridgefield, WHitney 3-3140 


Oak Park 
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Catching the Drift of Gyro Bearings 


The fantastic accuracies needed by inertial guidance systems for space 
flight depend on the suppression of gyro drift, the tendency of a gyro 
to precess from minutely occurring internal torques. Particularly 
puzzling has been the problem of “jogs,” or sudden axial shifts, within 
gyro spin-axis hearings. Shifts of but one ten-millionth of an inch can 
cause serious steering error. 


to drift lies in the thickness and distribution patterns of bearing 
lubricating films. Only a tenth of a milligram of oil — equivalent in 
volume to less than two-thousandths of a drop of water — is required in 


Conducting unique studies of single bearings apart from rotor 
assemblies, GM Researchers use a hydrostatic spindle and special 
instrumentation to take film-thickness measurements they compare 
with hydrodynamic theory. Jogs, due to excess oil supply. have been 
analyzed in relation to surface oil transfer and separator feed control. 


ball spin orientation, displacement, and differential heating and 
ball wander. 


This experimental and analytical approach is achieving progress towarl 
jog-free, stably distributed, and suitably thick oil films required in 
high-precision bearings. It is a further example of the critical and 


advanced research General Motors carries out in seeking “more and better 
things for more people.” 


General Motors Research Laboratories 
Warren, Michigan 


The fluoresced streaks show the disturbed “wake” 
of the lubricating film during bearing operation. The 
active part of the film, too thin to fluoresce visibly, 
averages ten-millionths of an inch in thickness. 


Specialists at the GM Research Laboratories have found that the real key 


a gyro bearing, but even this amount unevenly distributed may cause jos. 
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AEROSPACE Wi § 


... current literature of aeronautical engineering and space technology 


Tuts SECTION reviews important period- 
icals, technical and research reports, and 
books received in the IAS Library in order 
to provide basic documentation for engi- 
neers and scientists. 


INTERNATIONAL AERONAUTICAL AB- 
stracts, published as an insert in each 
issue, is an accelerated reviewing service 
covering worldwide scientific and technical 
literature. This work is performed by 
the IAS Staff and is supported by the Air 
Force Office of Scientific Research of the 
Air Research and Development Command 


For a listing of the principal periodicals 
received in the IAS Library, please refer 
to the January, 1959, issue. 


The AEROSPACE ENGINEERING INDEX, 
formerly the AERONAUTICAL ENGINEERING 
InpEx published since 1947, provides an 
annual cumulation of the materials re- 
viewed in this section. 


THE IAS LIBRARY 


Publications reviewed in this sec- 
tion are maintained by the Library 
for use by the IAS Membership. 
They are not for sale but are made 
available through the facilities of 
the Library. 

LenpING Services: Institute 
members, both Individual and 
Corporate, may borrow periodicals, 
reports, and books for a period of 
2 weeks, excluding time in transit. 
Excepted are certain reference books 
and those IAS publications that 
may be purchased. 4 

Puorocopy Services: The Li- 
brary is equipped to provide, as 
a service, positive photocopies of 
certain materials in its collections. 
Rates on request. 

For detailed information about 
these and other services, write to: 


John J. Glennon, Librarian 
Institute of the 
Aerospace Sciences, Inc. 

_ 2 East 64th Street 
New York 21, New York 


PERIODICALS AND 66 


INTERNATIONAL AERONAUTICAL ABSTRACTS 75 


Subject Index to Periodicals & Reports 


Acoustics, Sound, Noise............... 
Aerodynamics, Fluid Mechanics 
Aerothermochemistry, Dissociation, 
Aerothermodynamics 
Boundary Layer 
Flow of Fluids 
Stability & Control 
Wings & Airfoils 
Aeronautics, General 
Air Transportation 
Airplanes 
Cockpits, Canopies, Windshields 
Landing, Landing Loads.............. 
Operating Characteristics, Economics. 
Piloting 
Aviation & Space Medicine 
Human Engineering 
Education & Training 
Antennas, Radomes.................. 
Circuits & Components 
Communications 
Magnetic Devices 
Networks, Filters 
Power Supplies 
Radar 


Transmission Lines 
Wave Theory 
Equipment 
Electric 


Flow Measuring Devices 
Pressure Measuring Devices.......... 
Stress & Strain Measuring Devices.... 
Laws & Regulations 
Machine Elements 
Bearings 


November 1960 - 


Ceramics. & 92 
Corrosion & Protective Coatings....... 92 
94 
Metals & Alloys, Nonferrous.......... 94 
Nonmetallic Materials................ 94 

Mathematics 
Differential Equations................. 94 
Functions & Operators................ 95 
Numerical 95 
Physical Applications... 95 
Probability, 95 
Theory Of 95 

Atmospheric Structure & Physics..... 96 

Missile, Rocket, & Space Technology... 96 
Guidance, Control, Stability........... 97 
97 

Propellers 99 

Reliability 100 

Research, Research Facilities........... 100 

Rotating Wing Aircraft, Helicopters...... 100 

Beams & Comins. 100 
Elasticity Plasticity... 100 


Aerospace Engineering 65 


fs 
-YOX 
66 
66 
66 
66 
70 
70 
in 70 
70 
70 
70 
ey 71 
71 
71 
in 72 
72 
Joss. 72 ; 
72 
72 
72 
74 
74 
74 
74 
74 
74 
74 
91 
91 3 a 
92 
92 
Hydre 92 
Instru 92 
92 
92 
92 
92 
92 


Acoustics, Sound, Noise 


Use of Model Jets for Studying Acoustic Fields 
Near Jet and Rocket Engines. L.C. Sutherland 
and W. V. Morgan. Ncise Control, May-June, 
19€0, pp. 6-12. 12 refs. Presentation of the 
basic scaling principles of the acoustic model jet 
and discussion of the 1/10-scale acoustic model 
of the B-52. The use of noise suppressors for 
noise reduction in the near field is studied. 


High Intensity Sound. J. K. Hilliard and 


W. T. Fiala. Missile Des. & Devel., July, 1960, 
pp. 18-21. Discussion of testing techniques for 


evaluating the effects of high intensity sonic 
energy on missile systems, including determina- 
tion of the nature ot the some environment for 
simulation purposes, and equipment for vibration 
and sonic testing. 


Performance of Intense Acoustic Facility ~4 
Flight Vehicle and Electronic Research. ; 
Kamperman, C. H. Allen, J. R. Sharp, and L. “ 
Williams. USAF WADD TR 59-12, Mar., 
1960. 35 pp. Discussion of the performance of 
a unique sonic failure facility, constructed for 
testing flight vehicle structures and electronic 
s ystems in the presence of high-intensity sound. 
The siren sound source will produce pure tones or 
narrow bands of noise throughout the frequency 
range from 50 to 10,000 cps with controlled ampli- 
tude modulation from 0 to 50 cps. The maximum 
acoustic power output is 20,000 watts to produce 
a sound pressure level of approximately 174 db. 
in the 1 sq. ft. progressive-wave test section. 


Role of Structural Damping in Acoustical 
Fatigue. W. J. Trapp and B. J. Lazan. USAF 
WADC TR 59-304. Jan., 1960. 26 pp.  Dis- 
cussion of techniques proposed to reduce or elim- 
inate material tatigue damage due to high- 
level noise fields of propulsion systems and aero- 
dynamically induced pressure fluctuations. The 
mechanisms, the significant parameters involved, 
and the response of materials and structures are 
studied. 


Aerodynamics, Fluid Mechanics 


Aerothermochemistry, Dissociation, Ablation 


O Mekhanizme Mezhmolekuliarnogo Obmena 
Energiei pri Dissotsiatsii Dvukhatomnogo Gaza. 
E. E. Nikitin. AN SSSR Dokl., May 11, 1960, 
pp. 395-398. 13 refs. In Russian. Discussion 
covering the mechanism of intermolecular energy 
exchange in the presence of diatomic gas dissocia- 
tion. It is shown that previously defined ther- 
mal-dissociation concepts provide a satisfactory 
explanation of experimentally observed dissocia- 
tion of molecules behind the shock wave front 
which appears to be more rapid in pure diatomic 
gas than in the atmosphere of an inert monatomic 
gas. 


A Comparison of Transient and Quasi-Steady 
Performance of Melting-Type Re-Entry Shields. 
E. W. Adams. J. Aerospace Sci., Oct., 1960, pp. 
791, 792. Analysis showing that the quasi- 
steady solution considerably overestimates the 
thermal penetration of the shield—i.e., the sum 
of its total ablation and its thermal penetration at 
impact time. 


Fusion of a Heat- Behind a 
Moving Compression Shock. . A. 
(AN SSSR Dokl., Dec. 11, 950° pp. 989-992.) 
Sov. Phys. - Dokl., May-June, 1960, pp. 1202- 
1206. Transletion. Presentation of an exact 
solution for the problem of the melting of a plane 
wall, considering the heat released in the wall in 
the region behind a normal shock wave moving 
into a quiescent gas with a constant velocity 
parallel to the wall. 


Ablation Cooling of Missiles and Satellites. 
E.R.G. Eckert. SAE Summer Meeting, Chicago, 
June 5-10, 1960, Preprint 185A. 16 pp.  Dis- 
cussion of the conditions during re-entry, the 
physical processes involved in ablation, and a basis 
for the evaluation of the ablation method and the 
ablation materials. 


Aerothermodynamics 


Heat Srongter by Laminar Flow from a Rotat- 
ing Cone. C. . Tien. ASME Trans., Ser. C 
- HT, Aug., 1960, pp. 252, 253. Analysis ‘indicat- 
ing that the heat transfer results for a rotating 
disc can also be used for a rotating cone under 
boundary-layer approximations when the cone 
angle is sufficiently lerge for a boundary-layer 
character to exist. 


Heat Transfer, Recovery Factor, and Pressure 
Distributions Around a Circular Cylinder Normal 
to a Supersonic Rarefied-Air Stream. O. K. 
Tewfik and W. H. Giedt. (JAS 28th Annual 
Meeting, New York, Jan. 25-27, 1960, Paper 60- 
46.) 4 Aerospace Sci., Oct., 1960, pp. 721-729. 
13 refs 


Avtomodel’nyi Sluchai Giperzvukovogo Obte- 
kaniia Osesimmetrichnogo Tela Viazkim Teplo- 
provodnym Gazom. V.V.Lunev. Prikl. Mat.i 
Mekh., May-June, 1960, pp. 548-550. In Rus- 
sian. Study of the hypersonic (M >> 1) flow of 
viscous heat-conducting gas past thin axisym- 
metric bodies for the case when the external flow is 
substantially affected by the boundary layer. 
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Boundary Layer 


An Interferometric Method of Studying Rane 
ary Layer Oscillations. J. olman, H 
Gartrell, and E. E. Soehngen. ASME tld 
Ser. C - HT, Aug., 1960, pp. 263, 264. Presenta- 
tion of a method for boundary layer oscillation 
study and for the study of the oscillation effects on 
transition. The method consists of imposing a 
controlled disturbance on the boundary layer 
flow and then observing the oscillations due to this 
disturbance. 


On the Secondary * Induced by Oscil- 
lations ina Shear Flow. D. J. Benney and C. C. 
Lin. Phys. Fluids, July Aug, 1960, pp. 656, 657. 
ONR-supported investigation of the general 
equations governing the terms of the second order 
for a first-order primary oscillation whose ampli- 
tude varies periodically in the cross-wind direc- 
tion, including a comparison of the results with 
experiment and theory. 


Investigation by Schlieren Technique of 
Methods of Fixing Fully ies ate Flow on 
Models at Supersonic Speeds. M. Jackson 
and K. R. Czarnecki. U.S., NASA Ven D-242, 
Apr., 1960. 16 pp. OTS, $0.50. Investigation 
of the effectiveness of two-dimensional wire and 
three-dimensional granular-type roughnesses for 
fixing transition on a 27° cone at a free-stream 
Mach number of 2.20 and a Reynolds number per 
foot range of about 1.0 10° to 7.0 XK 106. The 
tests were made at an angle of attack of 0° and 
with essentially zero heat transfer. 


An Investigation at Transonic Speeds of the 
Performance of Various Distributed Roughness 
Bands Used to Cause Boundary-Layer Transition 
Near the Leading Edge of a Cropped Delta Half- 
Wing. E.W.E. RogersandI. M. Hall. Appen- 
dix—A Transition-Band Technique and Mate- 
rials. C. J. Berry and J. E. G. Townsend. Gt. 
Brit., ARC CP 481 (May, 1959) 1960. 46 pp. 
14 refs. BIS, New York, $1.26. 

Solution of the Laminar Boundary Layer 
Energy Equation at High Prandtl Numbers. 
Andreas Acrivos. Phys. Fluids, July-Aug., 1960, 
pp. 657, 658. Presentation of the complete 
solution to the forced convection energy equation 
for laminar boundary layer flows at high Prandtl 
numbers. The mathematical technique employed 
may also be used to attack more complex heat 
transfer problems. 


The Existence of Three-Dimensional Perturba- 
tions in the Reattachment of a Two-Dimensional 
Supersonic Boundary-Layer After Separation. 

J. Ginoux. (N 7 AGARD Wind Tunnel & 
Model Testing Pane!, London, Apr. 25-29, 1960.) 
TCEA TM 3, Feb., 1960. 23 pp. USAF-spon- 
sored investigation of the reattachment region of 
a laminar boundary layer after separation at a 
Mach number of 2.16. Two-dimensional com- 
pression corners and backward or forward facing 
step models are used. The case of interaction 
between a shock wave and a laminar boundary 
layer is also considered. 


O Chislennom Integrirovanii Lami- 
narnogo Pogranichnogo Sloia. V. Petukhov. 
AN SSSR Dokl., May 11, i960, pp. 307-310. 
In Russian. Presentation of a method for the 
exact integration of the equations of bouncary 
layer with arbitrary boundary conditions. The 
basic case considered is that of a dynamic bound- 
ary layer in plane steady flows of incompressible 
gas; the method can, however, be generalized for 
the general laminar compressible case. 


Flow of Fluids 


Ob Odnom Vide Tochnykh Chastnykh Reshenii 
Uravnenii Ploskogo Bezvikhrevogo Dvizheniia 
Gaza. E. D. Tomilov. Prikl. Mat. i Mekh., 
May-June, 1960, pp. 537-540. In Russian. 
Derivation of exact partial solutions for the equa- 
tions of plane nonvortical motion of gas. The 
method of calculation is presented in detail and 
illustrated on several types of flow. 


Systems of Conservation Laws. Peter Lax 
and Burton Wendroff. Commun. on Pure & 
Appl. Math., May, 1960, pp. 217-237. 15 refs. 
Investigation of a class of difference equations 
for approximating discontinuous time-dependent 
solutions with prescribed initial data of hyperbolic 
systems of nonlinear conservation laws. Schemes 
with the smallest truncation error and those in 
which the discontinuities are confined to a narrow 
band of two to three meshpoints are determined. 
These schemes are tested for stability. Test 
calculations of one-dimensional flows of compres- 
sible fluids with shocks, rarefaction waves, and 
contact discontinuities show excellent agreement 
with exact solutions. 


Statistical Mechanics of Transport in Fiuids. 
J. A. McLennan, Jr. Phys. Fluids, July-Aug., 
1960, pp. 493-502. 16 refs. Discussion of trans- 
port processes in fluids, using the ensemble theory. 
A nonequilibrium ensemble is constructed by 
explicit consideration of the external forces which 
bring about the deviation from equilibrium. 
Transport relations are obtained which are, in 
general, nonlocal in space and time—i.e., the 
transport coefficients are frequency- and wave- 
length-dependent. 


K Voprosu o Vychislenii Svobodnoi Energii mr 
Gaza Maloi Plotnosti. E. E. Tareeva. 
SSSR Dokl., May 21, 1960, pp. 568-571. 


11 
In Russian. 


Application of a previously de- 
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veloped method to study the properties of « Fermi 
system with interaction in the small-density ap. 
proximation. 


O Skorosti Zvuka v Gazovykh Sredikh gx 
Relaksatsionnymi Protsessami. E. S. Shchetin. 
kov. MVO SSSR VUZ Izv. Av. Tekh., No. 2, 
1960, pp. 110-117. In Invest: zation 
of the basic concept of gas dynamics covering the 
velocity of propagation of small pertur!ations 
(velocity of sound). The case of weak periodic 
fluctuations of pressure propagating along 4 
cylindrical tube filled with a stationary ry acting 
gas at equilibrium is considered. 


Relation Between Transition Location ang 
Pressure in Separated Shear Flows. J. |. 
Potter and J. D. Whitfield. J. Aerospace Sci, 
Sept., .960, pp. 712, 713. USAF-sponsored 
presentation of experimental results indic ating 
that separated shear layers become relatively 
more stable under conditions associated with 
higher Mach numbers. 


An Extension of the Linearized Characteristics 
Method for Calculating the Supersonic Flow 
Around Elliptic Cones. Anthony Martellucci, 
(Polytech. Inst. Bklyn., Dept. Aero. Eng. & Appl 
Mech., PIBAL Rep. 517, June, 1959) J 
Aeros pace Sci., Sept., 1960, pp. 667-074. 12 
refs. USAF-supported research. 


General Research in Flight Sciences —Fluid 
Mechanics. VI—Hypersonic Flow Around 
Bodies of Revolution Which Are Generated by 
Conic Sections. M. Vinokur. (6th Midwest 
Conf. Fluid Mech., Austin, Sept. 9-11, 1959.) 
Lockheed Aircraft Missiles & Space Div., vol. 
I, Pt. I, TR LMSD-288139, Jan., 1959-Jan., 
1960. 27 pp. 22 refs. Presentation of two 
approximate analytic solutions for the inviscid 
supersonic blunt-body problem. In one, the 
shock wave is assumed to be locally confocal with 
the body, and in the other, the shock cury ature is 
assumed constant near the axis. Both solutions 
reduce to that of Lighthill in the case of the 
sphere. 


Note on the Assessment of Flow Disturbances 
at a Blunt Body Traveling at Supersonic Speeds 
Owing to Flow Disturbances in Free Stream. 
M. V. Morkovin. (ASME Summer Conf. 
Univ. Park, Penn., June 20-22, 1960, Paper 60- 
APM-10.) ASME Trans., Ser. E - AM, June, 
1960, pp. 223-229. 13 refs. Presentation of an 
analysis of the magnitude of flow disturbances 
which affect conditions on the blunt nose otf a body 
moving at supersonic speeds, showing that pres 
sure fluctuations generated by interactions of 
entropy-temperature disturbances with the nor- 
mal shock may be considerable at high Mach 
numbers, but that the reflections of such pressure 
waves between the body and the shock wave 
definitely cannot lead to high resonant amplifica- 
tions. 


On Bodies of Minimum Wave Drag. V. N. 
Zhiguleyv and Iu. L. Zhilin. (Prikl. Mat. i 
Mekh., Nov.-Dec., 1959, pp. 1019-1029.) PMM 
—Appl. Math. & Mech., No. 6, 1959, pp. 1462- 
1475. Translation. Investigation of certain 
variational problems for a body that slightly 
disturbs a supersonic stream. It is found possible, 
in the general case, to separate the problem of 
determining the drag from that of determining 
the minimum drag body itself. As an example, 
relations are found connecting the volume of the 
body with the values of the perturbation velocity 
potential on the characteristic surfaces enclosing 
the body. 


Flow of a Viscous Heat-Conducting Gas at High 
Supersonic Speeds About a Cone. V. V. Lunev. 
(Prikl. Mat. t Mekh., Nov.-Dec., 1959, pp. 1006- 
1018.) PM M—Appl. Math. & Mech., No. 6, 
1959, pp. 1444-1461. 12 refs. Translation. 
Analysis of the case of weak interaction between 
the viscous and nonviscous regions—i.e., only 
the region of flow sufficiently far removed from 
the nose of the cone is considered. 


Dimensionless Parameters for Viscous Simi- 
larity. A. G. Hammitt. Aerospace S¢i., 
Sept., 1960, p. 720. USAF-supported discussion 
of two-parameter representations of viscosity as 
a function of temperature, and application to the 
case of the hypersonic flow about a blunt body. 


Approximate Free Molecule Aerodynamic 
Characteristics. D. M. Schrello. (North Am. 
Av. Rep. NA 59H-345, Aug. 17, 1959.) ARS J., 
Aug., 1960, pp. 765-767. Abridged. Derivation 
of expressions for the free molecule lift, drag, and 
static pitching moment of an arbitrary body of 
revolution under the restriction that the average 
normal component of the molecular speed ratio 
over the exposed body surface be greater than or 
equal to unity. 


O Raschete Obtekaniia Osesimmetrichnykh 
Tel s Otoshedshei Udarnoi Volnoi na Elektronno 
Schetnoi Mashine. O. M. Relotserkovskii 
Prikl. Mat. « Mekh., May-June, 1960, pp. 51l- 
517. In Russian. Development of a method for 
calculating, by means of an electronic computer, 
the flow about axisymmetric bodies with a de- 
tached shock wave. Results are presented for 
certain simple bodies such as ellipsoids, spheres, 
and discs. 

A Comparison of Blunt-Body Flow-Field Re- 
sults. H.W. Ridyard. J. Aerospace Sci., Oct., 
1960, pp. 789-791. USAF-supported co mparison 
of the Van Dyke forward-integration method a 
the method of characteristics for blunt-body 
solutions downstream of the supersonic region. 
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Another 
hot job 

valves 


In the Mach 2 all-weather Republic F-105D 
Thunderchief—an aircraft of striking capabilities 
—performance depends on a lot of little things. 
Janitrol pneumatic valves, for instance, belong to 
the second generation of Janitrol products for 
the jet and missile age, including high perform- 
ance heat exchangers, regulators, and couplings 
—descendants of the well known Janitrol heaters. 
In these special fields you'll find Janitrol offers a 
unique combination of experienced designers, 
hard-headed production people, and superb 
plant facilities. Write for “Janitrol Resources,” 
a recent brochure loaded with meaningful photos 
and relatively low-pressure sales talk. Janitrol 
Aircraft, 4200 Surface Rd., Columbus 4, Ohio. 


TROL 


A division of Midland-Ross Corporation 


pneumatic controls * duct couplings and supports * heat exchangers * combustion equipment for aircraft, missiles, ground support 


Nevember 1960 + Aerospace Engineering 67 


ee 
| 
4 
ik 
y 


CAE’s record of solid accom- 


plishment in the design, de- 


velopment, and production of 
aircraft and space age com- 
ponents qualifies the company 
exceptionally well for com- 
mercial, as well as military, 
assignments in these fields. 
The company’s R. and D. 
capabilities embrace power re- 
quirements for a broad range 


of applications. 
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K Teoriti_Giperzvukovykh Techenii Gaza so 
Skachkami Uplotneniia Stepennoi Formy. \ y 
Sychev. Prikl. Mat. i Mekh., May-June, |\60. 
pp. 518-523. In Russian. Study of plane and 
axisymmetric flows of gas with compressi)ility 
jumps of great intensity. Based on the results 
for the high-entropy region of the flow adjacent to 
the surface of the body, it is shown that the use 
of exact solutions for corresponding nonstatic nary 
gas motion requires additional data on the thick- 
ness of the high-entropy layer. A method js 
shown for achieving this correction and for ob- 
taining the shape of the body, incorporatiny the 
pressure distribution obtained on the basis of the 
small perturbation theory 

The Structure of Liquids. J. D. Bernal 
Sci. Am., Aug., 1960, pp. 125-128, 130, 132, 134 
Presentation of a possible molecular mode! of a 
liquid using the approach of statistical solid ge 
ometry. The structural difference in liquids and 
crystalline materials is discussed. 

On the Drag on a Rigid Sphere Moving in a 
Viscous Liquid Inside a Cylindrical Tube. Tors 
ten Bohlin. KTH Trans. 155, 1960. 43 pp 
Presentation of a more accurate drag formula 
and investigation of the influence of a superim. 
posed flow of the liquid through the tube. The 
drag is computed by solving the linear parts of the 
Navier-Stokes equations. 

Exact Solutions of the Magnetohydrodynamic 
Equations. W. E. Williams. J. Fluid Mech., 
July, 1960, pp. 452-464. 15 refs. Presentation 
of exact one-dimensional solutions for an in 
compressible fluid. It is shown that one class 
of plane wave solutions of the linearized equations 
is also a possible class of solutions of the general 
equations including the effect of displacement 
current. 

Bibliography on Plasma Physics and Mag- 
netohydrodynamics and Their Applications to 
Controlied Thermonuclear Reactions. Com- 
piled by J. D. Ramer, C. K. Lewe, and Maurice 
Barkley. U. Md. Eng. & Phys. Sci. Lib., 1960. 
105 pp. 1,707 refs. Survey of the international 
literature of the period from 1937 to 1959 cover- 
ing the subject of magnetohydrodynamics 
Included are an alphabetically arranged list of 
journals referred to in the bibliography and a 
numerical index to atomic energy reports 


General Research in Flight Sciences —Fluid 
Mechanics. IV—Steady Two-Dimensional Flow 
with a Transverse Magnetic Field. M. Mitch- 
ner. (The Magnetodynamics of Conducting 
Fluids, ed. Daniel Bershader, Stanford U 
Press, 1959, pp. 60-89.) Lockheed Aircraft 
Missiles & Space Div., vol. I, Pt. 11, TR LMSD- 
288139, Jan., 1959—Jan., 1960. 22 pp. Develop- 
ment of equations for the steady, two-dimensional, 
isentropic and irrotational flow of a_ perfect 
electrically conducting fluid in a_ transverse 
magnetic field. 

Unsteady Incompressible Couette Flow in a 
Uniform Transverse Magnetic Field. C. C. 
Mei. Appl. Sci. Res., Sect. A, No. 4, 1960, pp 
275-284. Presentation of a general solution in a 
series form, obtained by means of a finite Fourier 
transform, of the unsteady plane Couette flow 
of an incompressible, viscous, and infinitely con- 
ducting fluid in a uniformly applied transverse 
magnetic field. Explicit solutions for two special 
cases are given. 

Surface Disturbances in Magnetohydrody- 
namics. S. I. Syrovatskiy. (AN SSSR Trudy 
Fiz. Inst., vol. 8, 1956, pp. 13-64.) U.S., NASA 
TT F-23, May, 1960. 45 pp. 25 refs. Trans- 
lation. OTS, $1.25. Investigation of charac- 
teristics of surface disturbances on magnetohy- 
drodynamics, including unusual ‘‘transient” 
disturbances. Primary consideration, however, 
is given to the problem of stability of tangential 
disturbances. A possible explanation is offered 
of stable and sharply defined streams in the form 
of jets and bands which are observed in the atmos- 
phere of the sun and which are difficult to explain 
in terms of ordinary hydrodynamics. 

Isothermal Discontinuities in Magnetohydro- 
dynamics. V. I. Tseplyaev. (Zhurnal Teorel.i 
Exper. Fiz., Jan., 1960, pp. 255, 256.) Sor 
Phys. - JETP, July, 1960, pp. 185, 186. Trans- 
lation. Analysis of the role played by thermal 
conductivity in the diffusion of the shock front 


Hypersonic Flow Past a Body in Magneto- 
Hydrodynamics. M. D. Ladyzhenskii. (Prikl. 
Mat. i Mekh., Nov.-Dec., 1959, pp. 993-1005.) 
PMM—Appl. Math. & Mech., No. 6, 1959, pp 
1427-1443. Translation. Analysis of the ef- 
fect of a strong imposed magnetic field on the 
general flow picture, considered for the case of 
hypersonic flow past a cone- or wedge-shaped body 
when the magnetic field intensity vector is di- 
rected perpendicular to the surface of the body 
It is shown that, under certain conditions, the 
flow may separate from the wall. This case 1s 
also investigated. 


Magnetohydrodynamic Effects Upon Heat 
Transfer for Laminar Flow Across a Flat Plate. 
R. D. Cess. (ASME-AIChE Heat Transjer 
Conf., Storrs, Conn., Aug. 9-12, 1959, Paper 59- 
HT-14.) ASME Trans., Ser.C - HT, May, 1960, 
pp. 87-93. 13 refs. * Presentation of an analysis 
oF forced-convection heat transfer for laminar 
flow of electrically conducting fluids across 4 
flat plate, considered for a magnetic field of 
constant inductance acting normal to the free 
stream velocity and fixed relative to the plate. 
The boundary condition on the surface of the 


a ma 
depen 
on tk 
incom 


device 
of lit 


desigt 
radial 

Tre 
Space 
Mar. 
showi 
trans 
are 
trapp 


2) |p ger effect 

= SYSTEMS 

AIRCRAFT] 

Kulih 
SYSTEMS 

nal 

VEHICULAR 

0000. 

ENTAL AVIATION & ENGINEERI Dipo 
Hyd: 
: Tech 
MOTORS CORPORATION q a hy 

4 

68 Aerospace Engineering November 1960 


plate is taken to be either a constant temperature 
or constant heat flux, and solutions are presented 
for the following cases: (a) fluids having a 
Prandt!| number of unity for which both Joule 
heating and frictional heating are accounted 
for; (b) fluids having moderate and large Prandtl 
numbers for negligible Joule and frictional 
heating; and (c) fluids having low Prandtl 
numbers for negligible frictional heating. 


Steady and Transient Free Convection of an 
Electrically Conducting Fluid from a_ Vertical 
Plate in the Presence of a Magnetic Field. A. 
Ss. Gupta. Appl. Sct. Res., Sect. A, No. 5, 
1960, pp. 319-333. 11 refs. Analysis showing 
that similar solutions for velocity and temperature 
exist when the imposed magnetic field varies 
inversely as the fourth root of the distance from 
the lowest end of the plate. Explicit expressions 
for velocity, temperature, boundary-layer thick- 
ness, and Nusselt number are obtained and the 
effect of a magnetic field on them is studied. 


On Steady Axially Symmetric Solutions of the 
Idealized Hydromagnetic Equations for a Com- 
pressible Gas in Which There is no Diffusion of 
Vorticity, Heat, or Current. T. V. Davies. 
Quart. J. Mech. & Appl. Math., May, 1960, pp. 
169-183. 


Magnetohydrodynamic Cavities. Bernard Ste- 
ginsky. ARS J., July, 1960, pp. 642, 643. 
Discussion of the cavities that arise in connection 
with the flow of a perfectly conducting fluid past 
a magnetic field source. Examination of the 
dependence of the final steady-state configuration 
on the initial conditions in two cases reveals 
incompatibilities which may arise in the physical 
interpretation of the problem if a proper ‘“‘model” 
is not specified. 


STX—-A Proposed Ther: 1 Device. R. 
W. Hales. Space Tech. Lab. PRL STL TR 60- 
0000-09085, Apr. 15, 1960. 13 pp. 11 refs. 
USAF-supported discussion of a thermonuclear 
device, STX, which would combine the features 
of linear and transverse pinches. The name 
derives from the use of two magnetic fields for 
containment which are crossed in space and time— 
ie., orthogonal in space and in time quadrature. 


Hardness of the Axially-Symmetric Magnetic 
Piston. A. B. Schaffer. Space Tech. Lab. PRL 
STL TR 60-0000-09011, Jan. 8, 1960. 26 pp. 
USAF-supported analysis considering a magnetic 
field traveling down a transmission line which is 
being used as a magnetic piston to push plasma. 
The effect of plasma leakage through the piston 
is studied and, by means of an order-of-magnitude 
treatment of the momentum equation, an ex- 
pression which gages the leakage is derived. 

The Superfast Pinch Experiment. Vernal 
Josephson. Space Tech. Lab. PRL TR 59- 
0000-09880, Nov. 2, 1959. 26 p. USAF- 
supported discussion of the design features and 
operational problems encountered in an assembly 
designed to accelerate deuterons by means of a 
radially converging magnetic piston. 

Transverse Pinch Oscillations. B. D. Fried. 
Space Tech. Lab. PRL STL TN 60-0000-09059, 
Mar. 24, 1960. 8 pp. USAF-supported analysis 
showing that the oscillations or ‘‘bouncing”’ of a 
transverse pinch, like those observed by Wuerker, 
are predicted by a simple model in which no 
trapped magnetic field is assumed. 


Some Remarks on the Structure of a Normal 
Magneto-Hydrodynamic Shock Wave. A. G. 
Kulikovskii and G. A. Luibimov. (Prikl. Mat. 
i Mekh., Nov.-Dec., 1959, pp. 1146, 1147.) 
PMM—Appl. Math. & Mech., No. 6, 1959, pp. 
1644-1647. Translation. Study taking into 
account the effects of thermal and electrical con- 
ductivity, but not of viscosity. 

Effect of Conductivity Anisotropy in a Mag- 
netic Field on the Structure of a Shock Wave 
in Magnetogasdynamics. S.A. Kaplan. (Zhur- 
nal Teoret. i Exper. Fiz., Jan., 1960, pp. 252, 253.) 
Sov. Phys. - JETP, July, 1960, p. 183. Trans- 
lation. 

Space Charge Limited Current Flow from a 
Plane, Plasma ‘‘Cathode.”’ B. D. Fried and L. 
O. Heflinger. Space Tech. Lab. PRL TR 59- 
0000-00870, Oct. 26, 1959. 12 pp. USAF- 
supported derivation of an equation analogous 
to Langmuir’s for the case where the potential 
across the sheath or Debye layer of the plasma 
boundary is large compared to the potential 
difference between anode and cathode. 

Plasma Turbulence. L. S. G. Kovasznay. 
Space Tech. Lab. PRL STL TR 60-0000-A E038, 
Feb. 17, 1960. 22 pp. 10 refs. USAF-sup- 
Ported study of solenoidal turbulent velocity 
fluctuations that assumes the validity of the simple 
Magnetohydrodynamic equations. Using the 
Reynolds type of approach, equations are ob- 
tained for the mean flows and mean electro- 
magnetic field, and also for the turbulent kinetic 
energy and turbulent magnetic energy of the 
fluctuating fields. 


The Radiation Resistance of an Elementary 
Dipole in Anisotropic Plasmas. Herwig Kogel- 
nik. Oxford U. Eng. Lab. TN 3 (AFOSR TN 
60-49), 1960. 14 pp. 13 refs. 

Electromagnetic Radiation from an Ionized 

ydrogen Plasma. S. M. Berman. Space 

Tech. Lab. PRL 9-27, Sept. 24, 1959. 25 pp. 
ld refs. Study of the radiant energy emitted by 
a hydrogen plasma in the temperature range from 
./ to 9.0 ev due to the processes of recombination 
of electrons and protons to form hydrogen atoms, 


bound-bound transitions of excited hydrogen 
atoms, and bremsstrahlung of free electrons. 


Velocity Changes of Charged Particles in a 
Plasma. F. D. Kahn. (Astrophys. J., Mar., 
1959, pp. 468-474.) USAF OSR TN 58-929 
[AD 204735], 1959. 8 pp. Reprint. Com- 
parison of the different ways in which ionized 
gas may change the velocities of fast-moving 
protons. 


Transport Properties of Plasmas in a Strong 
Magnetic Field. Taro Kihara, Yukio Midzuno, 
and Shobu Kaneko. Phys. Soc. Japan J., June, 
1960, pp. 1101-1107. 11 refs. Discussion, 
from both phenomenological and microscopic 
points of view, of the irreversible process in 
plasmas in a strong magnetic field. It is shown 
that the Onsager-Casimir reciprocity relation 
takes a symmetrical form for plasmas in a mag- 
netic field. 


Stability of a a ae Jet in a Parallel 


Magnetic Field. . G. Drazin. J. Math. & 
Phys., Apr., 1960, pp. 49-53. Analysis con- 
sidering two incompressible, inviscid, electrically 
conducting fluids, one in the core and the other 
in the outer region of the jet. This flow represents 
a jet or wake in mercury, and a tongue of com- 
pletely ionized plasma. 


Effect of Transverse Magnetic Field on the 
Flow Due to an Oscillating Flat Plate. II. 
Tsunehiko Kakutani. Phys. Soc. Japan J., 
July, 1960, pp. 1316-1331. Presentation of 
exact solutions for arbitrary values of the 
Reynolds number, the magnetic Reynolds num- 
ber, and the magnetic pressure number. Special 
cases corresponding to the limiting values of 
these parameters are discussed to clarify the hy- 
dromagnetic etfect. The drag on the plate is 
calculated for both a nonconducting and a per- 
fectly conducting plate. 


A Study of Plasma Stability in Microwave 
Cavities by a Frequency-Shift Analog. R. A. 
Swanson. Space Tech. Lab. PRL TR 59-0000- 
00812, 1960. 12 pp. USAF-supported deriva- 
tion of an equation which relates the pressure 
change at a perturbed microwave cavity boundary 
to the change in resonant frequency of the cavity. 
The equation is used to obtain information on the 
stability of plasma confined by microwave fields. 


Non-Linear Effects on Electron-Plasma Os- 
cillations. Masao Sumi. Phys. Soc. Japan J., 
June, 1960, pp. 1086-1093. 16 refs. Discussion 
on the nonlinear effects in the excitation of elec- 
tron plasma oscillations, considering a nonlinear 
term in the Boltzmann equation as a perturba- 
tion. The magnitudes of the fundamental com- 
ponents are estimated and the behavior of 
excited waves in the limit of large amplitude is 
described. 


Blunt Body Viscous Layer with and Without a 
Magnetic Field. Hakuro Oguchi. (Brown U. 
Div. Eng. Rep., USAF WADC TN 58-145, Feb., 
1960.) Phys. Fluids, July-Aug., 1960, pp. 567— 
580. 17 refs. 

Influence of a Magnetic Field on Boundary 
Layer Stability. V.N. Arkhipov. (AN SSSR 
Dokl., Dec. 1, 1959, pp. 751-753.) Sov. Phys. - 
Dokl., May-June, 1960, pp. 1199-1201. Trans- 
lation. Analysis of the stability of a parallel 
flow of viscous conducting incompressible gas 
with respect to small perturbations in the velocity 
and magnetic fields. 


On the Linear Behavior of Large-Amplitude 
Magnetohydrodynamic Waves. J. Shmoys and 
E. Mishkin. Phys. Fluids, July-Aug., 1960, pp. 
661, 662. Extension of Cowling’s discussion of 
magnetohydrodynamic waves to include incom- 
pressible fluids with finite conductivity, showing 
that the resulting equations are linear irrespective 
of the amplitude and that the current, the a.c. 
magnetic field, and the electric field are all trans- 
verse. 

O Kvaziodnomernom Statsionarnon Techenii 
Szhimaemogo Provodiashchego Gaza v Kanale 
Postoiannogo Secheniia pri Nalichii Poperech- 
nykh Magnitnogo i Elektricheskogo Polei. I. B. 
Chekmarev. Prikl. Mat. i Mekh., May-June, 
1960, pp. 546, 547. In Russian. Study of the 
quasi-one-dimensional steady flow of compressible 
conducting gas in a channel of constant cross 
section. The flow equations are integrated for 
the particular case where the intensity of the ex- 
ternal electric field is proportional to that of the 
magnetic field. 

O Rasprostranenii Vozmushchenii v Ploskikh 
Magnitogidrodinamicheskikh Techeniiakh. M. 
N. Kogan. Prikl. Mat. i Mekh., May-June, 1960, 
pp. 530-536. In Russian. Study of the propaga- 
tion of turbulence from the turning points of flow 
lines. It is shown that shock waves can propa- 
gate from convex angular points; in concave 
angular points, however, the flow occurs in waves 
of the Prandtl-Meyer type. The analysis is ex- 
tended to the study of flow about bodies in the case 
of small angle of inclination of the magnetic field 
in relation to the velocity of the incident flow. 

On Certain Properties of Hydromagnetic 
Shocks. W. B. Erickson and J. Bazer. (Am. 
Phys. Soc. Sympesium on Plasma Phys., Monterey, 
Dec. 4, 1959.) Phys. Fluids, July-Aug., 1960, pp. 
631-640. Presentation of proofs of tour basic 
properties of stationary, planar, nonrelativistic 
hydromagnetic shocks. 


Gas-Ionizing Magnetohydrodynamic Shock 
Waves. A. G. Kulikovskii and G. A. Lyubimov. 
(AN SSSR Dokl., Nov. 1, 1959, pp. 52-58.) Sov. 
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Phys. - Dokl., May-June, 1960, pp. 1185-1188. 
Translation. Analysis of nonstationary problems 
with shock waves that ionize a gas in an electro- 
magnetic field, showing that an electromagnetic 
wave can be propagated ahead of the shock wave 


Fluktuatsii Magnitnogo Polia i Plotnosti Toka 
v Turbulentnom Potoke Slabo Provodiashchei 
Zhidkosti. G. S. Golitsyn. AN SSSR _ Dokl., 
May 11, 1960, pp. 315-318. In Russian. Cal- 
culation of the spectrum of magnetic field fluc- 
tuations, as well as the spectrum and structural 
density function of induced currents in the tur- 
bulent flow of low-conductivity fluid. 


O Techenii Elektroprovodnoi Zhidkosti v 
Prisutstvii Magnitnogo Polia po Trubam Proiz- 
vol’nogo Profilia. S. A. Regirer. Prikl. Mat. i 
Mekh., May-June, 1960, pp. 541, 542. In Rus- 
sian. Analysis of the general problem concerning 
the steady flow of conducting fluid in an infinitely 
long tube of arbitrary profile in the presence of a 
magnetic field. The problem is reduced to the 
solution of two linear boundary problems. 


Separation of Magnetic Driving and Ohmic 
Heating. J. R. Banister. Phys. Fluids, July- 
Aug., 1960, pp. 648-655. Presentation of a 
theoretical method which is potentially useful for 
studying plasma conductivity and equation of 
state. The experiment entails the passing of brief 
unidirectional current discharges through nitro- 
age the presence of a transverse uniform magnet- 
ic field. 


Diffusion Processes in a Plasma Column in a 
Longitudinal Magnetic Field. F.C. Hoh and B. 
Lehnert. Phys. Fluids, July-Aug., 1960, pp. 
600-607. 26refs. Presentation of a new series of 
measurements over a wide range of data which 
contirm earlier results of Lehnert on the diffusion 
processes in the positive column in a longitudinal 
magnetic field. Abnormal voltage characteristics 
indicating an increased diffusion rate above a 
certain magnetic field strength are also investi- 
gated in argon, krypton, nitrogen, and hydrogen , 


Plasma Viscosity in a Magnetic Field. A. N. 
Kaufman. Phys. Fluids, July-Aug., 1960, pp. 
610-616. Analysis of the viscosity of a fully 
ionized plasma in a magnetic field, taking into 
consideration particle orbits and the solution of a 
simplified Boltzmann equation. These semiquan- 
titative methods are studied in order to clarify the 
behavior of the viscosity coefficients. 


Temperature and Composition of a Plasma Ob- 
tained by Seeding a Cyanogen-Oxygen Flame 
with Cesium. R. A. Hord and J. B. Pennington. 
U.S., NASA TN D-380, May, 1960. 18 pp. 
OTS, $0.50. 


Plasma Jet Temperature Study. Appendix 
I—Spectral Line Constants. Appendix 
Plasma Sources. Appendix III—Radial Dis- 
tributions. Appendix IV—Spectrographic Equip- 
ment. W. J. Pearce. USAF WADC TR 
59-346, Feb., 1960. 104 pp. 47 refs. Compari- 
son of spectral methods for measuring plasma 
temperatures in the range of 5,000° to 15,000°K. 
For plasma jets, the best method is to determine 
the temperature from the intensities of atomic 
lines or of ionic lines. Tables of values of the re- 
quired constants are computed and examples of 
various modifications of the method are given. 


A Simplified Presentation of Shock Wave Pa- 
rameters in Dissociating Air Flow. T.R.F.Non- 
weiler. RAeS J., July, 1960, pp. 438,439. Pres- 
entation of data in graphical form to relate the 
temperature, velocity, and density upstream of 
the shock. 


Comments on ‘‘Mach-Line Determination for 
Air in Dissociation Equilibrium.’’ E. L. Knuth. 
J. Aerospace Sci., Oct., 1960, pp. 796, 797. Study 
of the necessary conditions for constant-density 
flows through shock waves. It is shown that 
these conditions do not lead, in general, to Mach 
waves. 

Maintained Detonations. B. V. Voitsekhov- 
skii. (AN SSSR Dokl., Dec. 21, 1959, pp. 1254- 
1256.) Sov. Phys. - Dokl., May-June, 1960, pp. 
1207-1209. Translation. Presentation of the 
millimicrosecond detonation processes in a channel 
when the supply of the original gas ™ixture is 
continuously filling the space in front o:1 a detona- 
tion wave at a sufficiently high rate, thus creating 
a continuous and steady state. The experimental 
arrangement is described 


O Svoistvakh Dvizheniia Nekotorykh Ideal’- 
nykh Sred pri Tochechnom Vzryve. N. N. 
Kochina. Prikl. Mat. i Mekh., May-June, 1960, 
pp. 504-510. In Russian. Study covering the 
problem of point detonation in an ideal medium 
whose properties approach those of an ideal gas 
with adiabatic exponent y = 7 


The Investigation of Exact Solutions of Non- 
stationary Diffraction Problems in the Neighbor- 
hood of Wave Fronts. V. S. Buldyrev. (AN 
SSSR Dokl., Nov. 11, 1959, pp. 291-294.) Sov. 
Phys. - Dokl., May-June, 1960, pp. 1218-1221. 
Translation. Analysis of the convergence of the 
wave-field expansion in powers of the parameter 
y, the parameter depending on the distance be- 
tween the point investigated and the front wave. 
It is shown that, in the case of isotropic acoustic 
media separated by a boundary in the form of a 
circular cylinder or a sphere, one can form a series 
in powers of y which converges near the front and 
which, in certain cases, represents the field exactly 
and, in other cases, with an accuracy up to the 
term which is an analytic function of the coordi- 
nates and of time. 
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Electron Diffusion Ahead of Shock Waves in 
Argon. H. D. Weymann. (U. Md. Inst. Fluid 
Dynamics & Appl. Math. TN BN-197, Mar., 
1960.) Phys. Fluids, July-Aug., 1960, pp. 545- 
548. AFOSR-supported investigation performed 
with electrostatic and magnetic probes to deter- 
mine the electron diffusion ahead of shock waves 
of M, = 8to 12 in argon. 


The Simplest Problems Concerning Gas-Ioniz- 
ing Shock Waves in an Electromagnetic Field. 
A. G. Kulikovskii and G. A. Lyubimov. (AN 
SSSR Dokl., Nov. 21, 1959, pp. 525-528.) Sov. 
Phys. - Dokl., May-June, 1960, pp. 1195-1198. 
Translation. 

Energy Transfer in a Turbulent Fluid. B. 
Tanenbaum and David Mintzer. Phys. Finids, 
July-Aug., 1960, pp. 529-538. ONR-supported 
presentation of a method of using experimental 
measurements of two- and three-velocity correla- 
tion functions to provide a direct test of energy 
transfer hypotheses in a turbulent fluid. By using 
this method, the optimal values for the three em- 
pirical parameters m, n, and y, which appear in 
the general transfer function proposed by von 
Karman, are determined from the correlation 
function data of Stewart and Townsend. 


Internal Flow 


Simplified Analysis of a Thrust-Augmentation 
System. K. L. Bergman. ASME Trans., Ser. 
E - AM, June, 1960, pp. 358, 359. Investigation 
showing that with a diffuser on the exit, larger 
values of thrust augmentation are possible, and 
that these values are very sensitive to the second- 
ary nozzle and diffuser efficiencies. Incom- 
pressible, one-dimensional flow is assumed. 

Controlled Radial Energy Gradient in Axial 
Flow Compressors. E. M. Rex. Aerospace 
Engrg., Oct., 1960, pp. 22, 23, 64, 67. Presenta- 
tion of a method’ for applying two-dimensional 
analysis to high-performance engines. This in- 
volves keeping the axial velocity constant, ob- 
taining equal work at all radii, and accounting for 
simple radial equilibrium without having free 
vortex flow and its resulting mass flow limitations. 
If a special first stage is used, the entering en- 
thalpy gradient to later stages is at the designer’s 
discretion. 

Comparison of the Relative Losses and Char- 
acteristics of Axial-Flow Compressor Stages. 

7. Gut. Escher Wyss News, Nos. 2/3, 1959, pp. 
3-13. Analysis comparing the two extreme de- 
signs of axial-flow compressor stages: the Escher 
Wyss design (reaction > 100 per cent) and the 
50 per cent reaction design. 

Design and Test of Mixed-Flow and Centrifugal 
Impellers. J. J. Kramer, W. M. Osborn, and J 
T. Hamrick. (ASME Hydraulic Conf., Ann 
Arbor, Apr. 13-15, 1959, Paper 59-Hyd-20.) 
ASME Trans., Ser. A - EP, Apr., 1960, pp. 127— 
134; Discussion, R. C. Dean, Jr., p. 135. 13 refs. 
Presentation of procedures for designing the hub- 
shroud contour and the blade shape of mixed-flow 
and centrifugal impellers, and evaluation in terms 
of experimental results obtained for impellers de- 
signed by these methods. Additional experi- 
mental results with varying boundary-layer 
allowance and some vaned diffuser test results are 
also presented. 


The Flow Field in the Diffuser of a Radial Com- 
pressor. I. L. Ryhming. J. Aerospace Sci., 
Oct., 1960, pp. 798, 799. 


Zur Bestimmung des Mittelwerts der Ge- 
schwindigkeit im Kreisrohr. Volkmar Steinecke 
and J. Zehetner. BWK, Mar., 1960, pp. 118-121. 
In German. Discussion of the determination of 
the mean velocity in a circular pipe. A systematic 
comparison is made of the different approaches: 
the graphic and numerical methods for arbitrary 
velocity profiles, as well as the distribution of the 
measuring points over the cross section. 


Derivation of an Analytical Expression for 
Supersonic Spillage of Single-Cone Inlets. C. 
W. Hartsell. J. Aerospace Sci., Oct., 1960, pp. 
788, 789. Derivation of an equation to provide 
the capture-area variation over a wide range of 
Mach numbers and cone angles. 


Remarks on the Eddy Viscosity in Compressible 
Mixing Flows. Lu Ting and P. A. Libby. J. 
Aerospace Sci., Oct., 1960, pp. 797,798. Applica- 
tion of Mager’s method to find a relation between 
the compressible and incompressible eddy viscos- 
ities for two-dimensional mixing flows. 


Stability & Control 


A Manual Frequency Sweep Technique for the 
Measurement of Airplane ecm Response. 
H. L. Crane. U.S... NASA TN D-375, Apr., 

1960. 18 pp. OTS, $0. 30, Evaluation of a 
method for the determination of longitudinal air- 
plane frequency-response characteristics from a 
manual frequency sweep input. 


A Transonic Wind-Tunnel Investigation of the 
Performance and of the Static Stability and Con- 
trol Characteristics of a Model of a Fighter-Type 
Airplane Which Embodies PUY Body Indenta- 
tion. R. P. Bielat. U.S., NASA Memo. 12-13- 
58L, Mar., 1959. 137 pp. 12 refs. Presenta- 
tion of test results on the performance and on the 
static longitudinal and lateral stability and con- 
trol characteristics of the complete model of a 
fighter-type airplane with wing aspect ratio of 4, 
taper ratio of 0.5, and 35° sweepback of the 0.25- 


chord line. The Mach number range extended 
from 0.60 to 1.13, and the corresponding Reynolds 
number based on the wing mean aerodynamic 
chord varied from 1./7 X 10° to 2.15 XK 10°. 


Wings & Airfoils 


On the Breakdown at High Incidences of the 
Leading Edge Vortices on Delta Wings. B. J 
Elle. RAeS J., Aug., 1960, pp. 491-493. 


Aeroelasticity 


Experimental Investigation of the Effect of 
Aspect Ratio and Mach Number on the Flutter of 
Cantilever Wings. E. Widmayer, Jr., W. T. 
Lauten, Jr., and S. A. Clevenson. U ive NASA 
TN D-229, Apr., 1960. 20 pp. 16 refs. OTS, 
$0.50. Discussion of wind-tunnel experiments 
conducted at Mach numbers up to 0.92 on models 
having aspect ratios ranging from 2 to 13. An 
examination of the data is made on the basis of 
reference theoretical values obtained from the 
two-dimensional incompressible-flow theory. 


Traveling-Gust Method for Airfoils in Strong 
Blast Waves. J.R.Ruetenik. J. Aerospace Sci., 
Oct., 1960, pp. 795, 796. 


Experimental Studies on the Gust Response of 
a Transport Airplane. Hiroshi Araki and Goro 
Beppu. Japan Soc. Aero. & Space Sci. J., June, 
1960, pp. 2-5. In Japanese, with summary in 
English. Wind tunnel investigation of the effect 
which the position of the airplane’s center of 
gravity has on the normal acceleration response. 


General Research in Flight Sciences—Me- 
chanics of Deformable Bodies. IJII—Approximate 
Analysis of Damped, Linear Vibrations. T. R. 
Beal. Lockheed Aircraft Missiles & Space Div., 
vol. II, TR LMSD-288139, Jan., 1960. 13 pp 
Presentation of a method in which an approxima 
tion is made for arbitrary initial conditions, with 
the various amplitude ratios in each natural mode 
being real numbers. This leads to a considerable 
simplification in the computation of the constants 
of integration and gives only small errors in the 
final result. 


On the Utilization of the Concept of Boundary 
Impedance in Vibrations of Bars. Appendix— 
Analysis of ne at or Near Center of a 
Long Thin Bar. J. Wilmers and R. F. Lam 
bert. USAF W ADC TR 59-545, Feb., 1960. 39 
pp. 11 refs. Discussion of important similari- 
ties and differences between mechanical and elec- 
trical transmission lines, and application of the 
concepts to the measurement of a reactive ter- 
mination and to the development of a ‘‘complex 
conjugate’’ matching section. These concepts 
also present a convenient specification of bound 
ary conditions in applications involving random 
vibrations and fatigue. 


Aeronautics, General 
The American Industry. J. W. R. Taylor. 
Flight, Aug. 19, 1960, pp. 244-249, 252-256. 
Discussion of the effects of gov ernmental funding 
policies on American aerospace industries, includ- 
ing an alphabetical presentation of American air- 
frame, engine, and missile companies and their 
products. 

Man Powered Flight in 1929. A. M. Lippisch. 
RAeS J., July, 1960, pp. 395-398. Discussion of 
early expériments of a man-powered flapping 
wing aircraft. 

ens Aspects in Man Powered Flight. 
B.S. Shenstone. RAeS J., Aug., 1960, pp. 471- 
i 10 refs. Discussion of the structural ar 
rangement and the power transmission of an air 
craft for man-powered flight 


Air Transportation 


Pillars of World Air Transport; A ‘*‘Who’s 
Who”’ of the International Air Transport Associa- 

on. IJnteravia, Aug., 1960, pp. 1094, 1095, 1097, 
1099-1104 (ff.) Presentation of tables listing 
IATA members and providing information on 
capital, management, air fleet, principal routes, 
and operating statistics 


Airline Subsidies—-Purpose, Cause and Con- 
trol. II. L. O. Barnes. J. Air Law & Com- 
merce, Winter, 1960, pp. 29-44 Presentation of 
the factors which in themselves determine what 
the subsidy level should be, the purpose of sub- 
sidy, and of a program for controlling and reduc- 
ing the dependence on subsidy. 


Airplanes 


Cockpits, Canopies, Windshields 


Investigation of Windshield Rain Removal 
Metbods for Re-Entry Type Vehicles. H. R. 
Meline and D. H. Andersen. USAF WADCTR 
59-690, Feb., 1960. 196 pp. Wind-tunnel in- 
vestigation of various systems to evaluate them 
on the basis of visibility improvement, weight and 
space penalty, complexity, and reliability. The 
study was directed toward systems which would 
be applicable to hypersonic boost-glide vehicles or 
manned satellites using aerodynamic lift for re- 
entry speed reduction and landing. The results 
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indicate that several of the methods tested w: uld 
be feasible for installation on this type of veh cle. 


USAF Shows Bomber 
—_ Av. Week & Space Tech., Aug. 8, 1 ‘0, 
pp. -34. Discussion ot the display i ind 


the as instruments in a cockpit control and dis- 
play system mockup tor a four-man or! ital 
bomber, designed to remain in a 300-mile high 
orbit for up to 30 days. 


Description 


Converting Outdated Passenger Aircraft. 
I.. M. Chassin. Jnteravia, Aug., 1960, pp. 938- 
940. Discussion of the considerations leading to 
airlines’ decision to convert some of their aircraft 
to cargo carriers and a study of the conversion 
——_ on the DC-7, Super Constellation, and 
the DC-4. 

Freighters of Tomorrow. Jnteruvia, 
Aug., 1960, pp. 931-933. Discussion of the de 
sign trends in the large pure freight aircraft, 
pointing out that such aircraft are now designed 
as part of an integrated cargo transport system 
The Argosy, Boeing Type 735, Canadair Type 
CL-44D, Swing-tail 600, Douglas Type CX 
Junior, Super Hercules, and the SC.5 Britannic 
aircraft are considered. 

Performance, om eo Improved on 720. W. 
S. Reed. Av. Week & Space Tech., Aug. 15, 
1960, pp. 56, 57, 59, 61. Discussion of the flight 
evaluation results for the currently certified Boe- 
ing 720 intermediate range jet transport. 

The Transall C.160. Jnteravia, Sept., 1960, 
pp. 1156-1158. Discussion of the organization of 
the Franco-German Transall Working Group, the 
initial design requirements and approaches of 
both the French and the German manufacturers, 
and design details on the Transall C.160 transport 
aircraft which represents a fusion of these initially 
contradictory requirements. 

Before the Britannia. D. L. Brown. The 
Aeroplane & Astronautics, Aug. 19, 1960, pp. 
220-222. Discussion of the sequence of events 
which led to the development of the Britannia 
transatlantic airliner, including specifications and 
a comparison of designs submitted for considera- 
tion 


B-70 Force—The Needed Ingredient for an 
Effective U. S. Deterrent Mix. Walt Keeshen, 
Jr. Western Av., Sept., 1960, pp. 6, 7, 12, 13, 36. 
Presentation of arguments for the development of 
a Mach 3 strategic bomber, including a discussion 
of the effect of a U.S. B-70 force on enemy de 
fenses, funding of the B-70 program, the systems 
that make the B-70 a strategic bomber, and the 
B-70 performance and applications. 

Canadair’s Solution: The Swing-Tail CL-44D. 
Interavia, Aug., 1960, pp. 951-955, cutaway draw- 
ing. Discussion of the swing-tail feature, loading 
system and equipment, capacity, and develop- 
ment of the CL-44D-4 transport. 

The A2F-1 Intruder—ANIP Gives Birth. J. P. 
Kushnerick. Aircraft & Missiles, Aug., 1940, pp. 
38-41. Presentation of the special design fea- 
tures of Navy’s A2F-1 jet attack plane specifi- 
cally designed for a low-level approach to a target. 

X-7 he Builds Ramjet Test Data. W. 
S. Reed. Av. Week & Space Tech., Sept. 5, 1960, 
pp. 58, 59, 61 63. Preseutation of the structural 
design and performance of the Lockheed X-7A-1 
and X-7A-3 test vehicles used in the program 
directed at exploring the performance and operat- 
ing limitations of various configurations of Mar 
quardt ram-jets 

47 Improves Bomarc Targeting 

Bulban. Av. Week & Space Tech., Sept. 
1660, pp. 72,73,77. Presentation of the de ae. 
ment history and operation of the new Boeing 
QB-47 drone system. 

Design Philosophy of Agricultural Airplanes. 
*. E. Weick. Agricultural Av., No. 3, 1960, pp. 
84-91. Discussion of the characteristics re- 
quired in applicator airplanes and of the features 
in the Transland Ag-2 and the Piper Pawnee. 

Design of Jet Transports with Rear Mounted 
Engines. D. J. Lambert. (JAS Natl. Summer 
Meeting, Los Angeles, June 28-July 1, 1960. 
Paper 60-80.) Aerospace Engrg., Oct., 1960, pp. 
30-35, 72, 74. Discussion of the Vickers V V 
10 design, comparing its rear engine arrangement 
with the currently conventional podded installa- 
tion layout. 


Guide to Lower Costs and Reduce Vehicle 
Weight. I—How Much Would You Spend to 
Save a Pound of Weight? R.E. Johnson. I— 
Don’t Add Extra Weight by Specifying Loose 
Tolerances. G. A. Hoffman. Aircraft & Mis- 
siles, Sept., 1960, pp. 28-32, 


The Motion and Loading of a Hinged Ramp 
Which Supports a Sliding Mass. B. Saelman. 
(ASME Annual Meeting, Atlantic City, Nov. 
29-Dec. 4, 1959, Paper 59-A-85.) ASME Trans. 
Ser. E - AM, Mar., 1960, pp. 177-181. Pres- 
entation of equations of motion of a hinged ramp 
supporting a sliding mass which moves at con- 
stant velocity. These equations are shown to 
have no closed solution when the ramp is spring 
supported or when the cylinder force is propor- 
tional to the square of the velocity. 

Mach 4 Plane Could be Built with Current 
Technology. J: S. Butz, Jr. Av. Week & Space 
Teck., Aug. 22, 1960, pp. 54, 55, 57-60 (ff). 
Presentation of estimates on the development of 4 
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Mach 4 cruise aircraft, and discussion of the main 
technical questions of aerodynamic efficiency, the 
temperature resistance of the structure, and pro- 
pulsion units. 


Landing, Landing Loads 


Experimental Investigation of Spin-Up Friction 
Coefficients on Concrete and Nonskid Carrier- 
Deck Surfaces. W.B. Horne. U.S.,NASA TN 
D-214, Apr., 1960. 50 pp. OTS, $1.25.  Dis- 
cussion of a series of landing-impact tests con- 
ducted with a carrier-type jet airplane main 
landing gear (dropping weight 6,630 Ibs.) to ob- 
tain data on tire spin-up friction coefficients at 
touchdown on both concrete and nonskid carrier- 
deck surfaces. 


Operating Characteristics, Economics 


American Airlines Turbine Experience. Dan 
Beard. Shell Av. News, June, 1960, pp. 16-20. 
Discussion of the performance characteristics of, 
and airline experience with, the Lockheed Electra 
and the Boeing 707 aircraft. 


Fuel Reserves for Aircraft. Appendix—Anal- 
ysis of Fuel Reserves Policies of Eighteen Rep- 
resentative Airline Operators. Jnst. Navigation 
J., July, 1960, pp. 273-287. Survey of current 
airline practices and methods of fuel reserve cal- 
culation. 


The RC-130A Aircraft—-A New World Mapping 
System. J. K. Walls. (Am. Soc. Photogram- 
metry, 25th Annual Meeting, Wash., Mar. 8-11, 
1959.) Photogrammetric Eng., June, 1960, pp. 
395-401. Discussion of the RC-130A surveying 
mapping aircraft, including aircraft configuration, 
electronic and photographic systems, system re- 
quirements and performance, and types of mis- 
sions. 


Flight Behavior of the X-2 Research Airplane 
to a Mach Number of 3.20 and a Geometric 
Altitude of 126,200 Feet. R.E. Day and Donald 
Reisert. U.S., NASA TM X-137, Sept., 1959. 
22 pp. 

B-70 Will Create Enemy Defense Problems. 
Craig Lewis. Av. Week & Space Tech., Aug. 8, 
1960, pp. 102, 107, 109, 113. Discussion of the 
effect which the B-70 strategic bomber with its 
Mach 3 speed and 80,000-ft. penetration altitude 
would have on enemy defense and defense ex- 
penditures. Included also is the development his- 
tory of the B-70 


Piloting 


Simulator Motion Effects on a Pilot’s Ability to 
Perform a Precise Longitudinal Flying Task. 


Ss. Discussion of tests performed on a 
moving and fixed simulator to determine the 
effects that body-motion cues have on the pilot's 
ability to perform a precision close-coupled track- 
ing task. 


Airports 


Considerations on Limiting Pressure Surge 
During Ground Pressure Refueling of Aircraft. 
SAE Aero. Info. Rep. AIR 74, Mar. 1, 1960. 5 
Pp. 


Heliports 


Experiences with an Operational Heliport. 
R.A.C. Brie. RAeS J., July, 1960, pp. 399-407; 
Discussion, pp. 407-412. Description of the 
facilities of a heliport located on the Thames river 
and of the operational problems involved. 


Aviation & Space Medicine 


Internal Medicine: Its Accomplishments and 
Failures in Aviation (The William Rhinehart 
Schick Lecture). J. H. Tillisch. Aerospace 
Med., Aug., 1960, pp. 621-626. Discussion of 
the criteria used in grounding a pilot for health 
reasons. 


An Explanation for Sudden Death in Certain 
Flying Personnel at High Altitude. L. J. Stut- 
man. Aerospace Med., Aug., 1960, pp. 659, 660. 


Selection of an Alza for a Photosynthetic Gas 
Exchanger. . J. Benoit, F. Trainor, and A. 
Bialecki. USAF WADD TR 60-163, Feb., 
1960. 31 pp. 16 refs. Presentation of a de- 
tailed survey of the plant kingdom and an ex- 
amination of the requirements for an effective 
Photosynthetic gas exchanger for closed-cycle 
ecological systems, which reveal that the unicellu- 
lar nonmotile algae stand out above all other 
plant forms for use in an apparatus employing a 
Suspension of cells in a liquid growth medium. 
The possibility of the effective use of a system in 
haa plants are grown on moist surfaces is ex- 
plored, 


Is He Fit to Fly? P. B. Phillips. Aerospace 
Med., Aug., 1960, pp. 644-648. Discussion of the 
operation and role of the Special Board of Flight 
Surgeons established at the Naval Aviation 
Medical Center in Pensacola. The types of medi- 
cal problems dealt with are also presented. 
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For minute stabilization of a rocket, you must 
1 have precise control of the vernier engine nozzle. 
] This new vernier engine uses two Houdaille 

¢7 hydraulic Rotary Actuators in the pitch and yaw 

gimbaling controls. The close coupled rotary 
action of these units cuts backlash to a minimum. 

Combined with low internal leakage and low friction, this feature 

assures a very high degree of response. The elimination of mechanical 

linkages for rotary conversion also means a lighter, more compact, 
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MA-3 Electrically Heated Facepiece. USAF 
WADD TR 60-88, Jan., 1960. 21 pp. Pres- 
entation of forming and fabricating techniques 
applicable to electrically-heated facepieces for 
production pressure helmets. It is shown that a 
proprietary, transparent, electrically conductive 
coating, ‘‘Sierracote III,’’ can be successfully in- 
corporated into laminated, formed, optically and 
thermally satisfactory facepieces. 

A Restraint System Enabling Pilot Control 
Under Moderately High Acceleration in a Varied 
Acceleration Field. H. A. Smedal, G. W. Stin- 
nett, and R. C. Inms. U.S., NASA TN D-91, 
May, 1960. 19 pp. OTS, $0.50. Description 
of a pilot restraint system used 1n a centrifuge pro- 
gram designed to study the ability of a pilot in a 
forward-facing position to control an entry vehicle 
which employs lift. 

K Mekhanizmu Iz Pronit ti 
Biologicheskikh Bar’erov pri Atmos- 
fernogo Davieniia. Z. N. Shmidt. AN SSSR 
Dokl., June 11, 1960, pp. 1216-1218. 17 refs. 
In Russian. Determination of the mechanism of 
variations in the permeability of the biological 
barrier at altitude—i.e., determination of the 
degree to which it depends upon the drop in baro- 
metric pressure and upon the ensuing hypoxia. 

The Prediction of Human Thermal Tolerance 
When Using a Ventilating Garment with an 
Antiexposure Suit. W. McCutchan. (AS =e 
Annual Meeting, Atlantic City, Nov. 29-Dec. 4, 
1959, Paper 59-A- 114.) ASME Trans., Ser. 
C- HT, Aug., 1960, PP. 243-250; Discussion, H. 
A. Mauch, pp. 250, 251. Investigation of the 
physiological responses of human subjects in the 
thermal environments ranging from 120° to 240° 
F. while wearing the MA-2 ventilating garment, 
an MK-IV exposure suit, and other garments 
comprising 2.15 clo? of thermal resistance one 

“clo” is equal to 0.88°F./(Btu/ft.? hr.). The 
ventilating garment was given air inputs ranging 
from 2 to 14 ft.* per min. in volume, and from 50° 
to 90°F. in temperature. The thermal responses 
of the subjects are shown graphically in terms of 
heat storage, heart rates, sweat rates, and com- 
posite indexes of these variables. 


Observations on Heart Rate and Cardiody- 
namics During Weightlessness. G.E. Burchand 
S. J. Gerathewohl. (2nd World—+th Europ. Av. 
& Space Med. Congr., Rome, Oct. 27-31, 1959.) 
Aerospace Med., Aug., 1960, pp. 661-669. 18 
refs. Investigation of the cardiodynamic effects 
of acceleration and weightlessness encountered in 
aircraft, rocket, and satellite flights. The entire 
series of experiments demonstrate that stresses 
imposed by acceleration and the episodes of 
weightlessness encountered in these flights are well 
within the range of tolerance of the human and 
animal organism. 


The Effect of Speech and Noise Level on the 
Masking of Speech by Pure Tones and Random 
Noise. R. J. Christman, G. E. Renaud, and 
Arthur Rubin. USAF RADC TR 60-97, June, 
1960. 20 pp. 

aang Factors Which Limit the Minimal 


Utilizable Oxygen for Rats in a Microenviron- 
ment. F. G. Hall. (Aerospace Med. Assoc. 
Meeting, Miami, May 11, 1960.) Aerospace 


Med., Aug., 1960, pp. 649-653. 
research 


Flying Stress and Urinary 17-Hydroxycortico- 
steroid Levels During Twenty-Hour Missions. 
V. H. Marchbanks, Jr. Aerospace Med., Aug., 
1960, pp. 639-643. 

Cardiovascular Changes with Vestibular Stim- 
ulation. . J. R. Taylor, W. H. Johnson, and 
E. A. Sellers. (Aero Med. Assoc. 30th Annual 
Meeting, Los Angeles, Apr. 29, 1959.) Aero- 
space Med., Aug., 1960, pp. 627-638. 13 refs. 
Comparative study of certain cardiovascular 
changes which occur after experimental vestibular 
stimulation with those following exercise and dur- 
ing carotid sinus and eyeball pressure. A com- 
parison of the results is also made between those 
susceptible to vestibular stimulation and those not 
affected. 

The Role of the Skin in Heat Transfer. A. M. 
Stoll. (ASME Annual Meeting, Atlantic City, 
Nov. 29-Dec. 4, 1959, Paper 59-A-138.) ASME 
Trans., Ser.C - ee Aug., _—_ pp. 239-241; Dis- 
cussion, George Mixter, Tr. M. Sparrow, and 
A. H.W oodcock, pp. 241, 342 13 refs. Dis- 
cussion of the human skin, its dimensions and 
properties with respect to its role in heat transfer, 
and the effects of its impairment or injury. 

Cyborgs and Space. M. E. Clynes and N’ S. 
Kline. Astronautics, Sept., 1960, pp. 26, 27, 
74-76. Discussion of the problems in altering 
man’s bodily functions to meet the requirements 
of extraterrestrial environments. The use of 
artifact-organism systems to extend man’s un- 
conscious, self-regulatory controls is considered as 
one possibility. 

Instrumentation Package for Inflight Physiolog- 
ical Studies. M. N. Goldberg, R. A. Mills, 
and M. V. Blockley. USAF W FADD TR 60-83, 
Feb., 1960. 63 pp. Discussion of the design and 
evaluation of an airborne instrumentation pack- 
age for the measurement of physiological data in 
the X-15 airplane. The package records the fol- 
lowing: electrocardiograph signals, skin and deep 
body temperature, oxygen mass flow rates, and 
helmet-suit and suit-cockpit pressure differentials. 

Closed Circuit Respiration/Ventilation System; 
Phase I. Appendix I—Thermal Analysis of Full 


USAF-supported 


72 Aerospace Engineering 


Pressure Suit. Appendix 11—Experimental Loop. 
USAF WADD TR 60-33, Jan., 1960. 104 pp. 
45 refs. Investigation of the environmental 
considerations which, combined with the physio- 
logical requirements, define the desired charac- 
teristics of a closed circuit respiration/ventilation 
system. The physiological requirements of a 
man supported in an artificial atmosphere are de- 
termined from available literature. 

The Empty Visual Field in the Laboratory and 
in the Air. J. W. Miller. Naval Res. Rev., July, 
1960, pp. 1-6. Navy-supported presentation of 
test results concerning the visibility in an empty 
visual field (Ganzfeld). A related experiment in 
which the visibility of aircraft was determined in 
the air, both with and without the use of artificial 
smoke streams, is discussed. 

Eye Hazards and Protection in Space. Hu- 
bertus Strughold and O. L. Ritter. Aerospace 
Med., Aug., 1960, pp. 670-673. 14 refs. Dis- 
cussion covering the danger of retinal burn to 
astronauts and evaluation of certain protective 
devices. 


Human Engineering 


ManasanAeroEngine. D.R. Wilkie. RAeS 
J., Aug., 1960, pp. 477-481. 32 refs. Study of 
the properties of man as a source of mechanical 
power to determine whether man can fly by his 
own efforts. 


Application of Basic Human Engineering 
Principles to a Cockpit Design. G. A. Holcomb. 
(Aero Med. Assoc. 30th Annual Meeting, Los 
Angeles, Apr. 28, 1959.) Aerospace Med., Aug., 
1960, pp. 674-677. l4refs. Discussion of factors 
in cockpit design, including vertical alignment 
scheme, grouping by function and usage, coding 
concepts, and simplicity. 


Chemistry 


Fundamental Studies of the Chemistry and 
Physics of Organic Materials Adsorbed on Metal 
Substrates. H. A. Roth, R. F. Lumb, and C. M. 
Doede. USAF WADD TR 59-23, Apr., 1960. 
134 pp. 22 refs. 


Researches on Hydrogen Overvoltage on 
Metallic Single Crystals: Silver and Lead. 
L. P. Bicelli and B. Rivolta. USAF WADC 
TN 59-393, Apr., 1960. 20 pp. 23 refs. 


Optically Active Organic Compounds as High 
Level Gamma Dosimeters. S. M. Dec. USAF 
WADC TR 59-711, Feb., 1960. 30 pp. 

Attempt to Evaluate Chlorinated Hydrocarbon 
Dosimeters by Cross Calibrating ete Gamma 
Ray Sources. R. L. Hickmott, J. Cote, and 
P.B.Hemmig. USAF WADC 59-401, Nov., 
1959. 13 pp. 


Computers 


Novyi Printsip Postroeniia eo 
Ustroistv. G. G. Stetsiura. AN SSSR Doki., 
June 21, 1960, pp. 1291-1294. Russian. 
Presentation of a new approach to the construc- 
tion of a memory core which provides the stored 
information when fed only a part of this informa- 
tion, serving to identify it, rather than data on 
its specific location 


Report on the Algorithmic Language ALGOL 
J. W. Backus, F. L. Bauer, J. Green, C. 
Katz, J. McCarthy, P. Naur, A. J. Perlis, H. 
Rutishauser, K. Samelson, B. Vauquois, J. H. 
Wegstein, A. vand Wijngaarden, and M. Wood- 
ger. Acta Polytechnica Scandinavica Ma 5 
(284), 1960. 40 pp. Definition and discussion 
of the ALGOL 60 international algorithmic 
language for expressing mumerical processes. 
Included are the historical background, a general 
survey of the language, list and explanations of 
the basic concepts and symbols, definitions of 
arithmetic, Boolean, and designational 
pressions. 


A P-Pulse Generator Made with Surface 
Barrier Transistors and Point Contact Diodes. 
T. R. H. Sizer. Gt. Brit., RAE TN 1.A.P. 1100, 
Mar., 1960. 35 pp. 


Nakoplenie Oshibok pri Vychisleniiakh na 
Tsifrovykh Ustroistvakh. V. A. Brik. Avtom. 
i Telemekh., May, 1960, pp. 595-600. In Russian. 
Description of a statistical method of error 
estimate for computing devices used in automatic 
control systems and for specialized or general- 
purpose computers 


Digital Computers in Control Systems. I. 
William Zdan. ARMA _ Eng., June, 1960, 
pp. 4-11. Discussion including the advantages 
of digital computer use in control systems, a 
review of the basic theory of sampled data 
systems, the development of the pulse transfer 
function, and the z transform 


Control Theory 


Analiticheskoe Konstruirovanie Reguliatorov. 
I, 1, WI. A. M. Letov. Avtom. i Telemekh., 
Apr.; May; June, 1960, pp. 436-441; 561-568; 
661-665. 11 refs. In Russian. Presentation 
of a solution to the problem of design of a given 
optimizing functional. The solution is given for 
the open region in the determination of differential 
equations of the system and the closed region 
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including the deflection limit of the cortro| 
element, and a solution is derived for the yiria- 
tional problem of an optimum control sy-iem 
taking into account the velocity of the seryo- 
motor. 


O Sisteme Poniatii Programmirovaniia. |. | 
Podlovchenko. AN SSSR Dokl., June 21, 10, 
pp. 1287-1290. In Russian. Evaluation fa 
method for defining the following conc: pts 
operator, logic condition, and operator sequences 
involved in the analysis of logical networks in the 
process of programing. Certain relationships 
between operator sequences are established on 
the basis of their operation. 


O Pogreshnosti Interpoliruiushchego Ustroistva 
dlia Zadaniia Dvizheniia po Okruzhnosti. \ vy 
Karibskii. Aviom. 1 Telemekh., Mar., 1960 pp 
317-322. In Russian. Discussion of the basic 
principles of a system designed to guide a moving 
object along a given trajectory. The algorithm 
of the digital interpolating device is described, 
and an error estimate is made. 


Self-Optimizing Control Systems. I Basic 
Circuits. Nightingale. Mach. Des. 
Sept., 1960, pp. 140-144. 16 refs Discussion 
of error measurement, parameter evaluation, 
saturation limits on system variables, and single 
parameter control. 


Primenenie Metoda Liapunova k Zadacham 
Ustoichivosti Sistem s Zapazdyvaniem. 


Razumikhin Avtom. i Telzmekh., June, 19460. 
pp. 740-748. In_ Russian. Analysis of the 
applicability of Liapunov’s direct method to 


stability problems in systems with lag. Certain 
stability and asymptotic stability criteria are 
presented, the possible use of quadratic forms in 
problems of stability to the first approximation 
is shown, and an estimate of the disturbances is 
made. 


Primenenie Metoda Malogo Parametra k 
Issledovaniiu Sistem Avtomaticheskogo Regu- 
lirovaniia c Zapazdyvaniem. Iu. A _Riabov 
Avtom. t Telemekh., June, 1960, pp. 729-739 
In Russian. Application of the 
Poincaré small-parameter method to the study 
of automatic control systems with lag The 
case considered is that of a system described by 
linear equations with constant coefficients and 
one constant lag. 


Issledovanie Veroiatnostnoi Ustoichivosti na 
Primere Avtomaticheskogo Regulirovaniia Kursa 
Samoleta. V. S. Novoselov. Avtom. i Tele- 
mekh., June, 1960, pp. 666-673. 14 refs. In 
Russian. Determination of the weak and strong 
probable stability of steady motion. The prob- 
lem of aircraft course stabilization by means of an 
automatic pilot with constant servomotor speed 
is used for the tentative derivation of a method 
for studying automatic control systems 


Otsenka Vliianiia Kvantovaniia po Urovniu na 
Protsessy v Tsifrovykh Avtomaticheskikh Siste- 
makh. Ia. Z. Tsypkin. Avtom. i Telemekh., 
Mar., 1960, pp. 281-285. In Russian. Pres- 
entation of a simple method for estimating the 
quantization effect on the processes in digital 
automatic control systems. 


Opredelenie Optimal’noi_ Impul’snoi_Pere- 
khodnoi Funktsii pri Nalichii Vnutrennikh Shumov. 
S. Matveev. Avtom. i Telemekh., Mar., 
1960, pp. 286 292. In Russian. Generalization 
of previously obtained results to cover the case 
of input signals applied to x» different servo- 
system elements and that of systems with variabie 
parameters. 


Ob Ustoichivosti Sistem c Servoupravieniem 
pri Nalichii Sluchainykh Vozdeistvii. P. S. 
Landa. Avtom. t Telemekh., Jan., 1960, pp 
36-41. In Russian. Study of the stability ofa 
servosystem with random disturbance. The 
probability of excitation of such a system is 
calculated as a function of time in the presence of 
noise. 


Documentation 


The “Tape Typewriter Plan’’; A Method for 
Cooperation in Documentation. Appendix—The 
Use of Non-Printing Characters for Format 
Indication on Abstracts Transcribed on Machine 
Media. C. N. Mooers. Zator Co., Z17B-137 
(AFOSR TN 60-532), July, 1960. 22 pp. 


Education & Training 


How Aeronautical Research is Aiding Technical 
Education. P. A. Hilton. Air BP, No. 16, 
1960, pp. 28-32. Description of a basic heat 
engine which is suitable for instructional purposes 
and the study of gas and thermodynamics 


Space Flight Simulators—Design Require- 
ments and Concepts. R.O. Lowrey. Acrospace 
Enegrg., Oct., 1960, pp. 50-56. Discussion of the 
factors to be simulated for the representation of 
various mission phases and study of simulator 
design approaches to these factors. 


Electronics 
When Do Countermeasures Pay? J. H. Vogel- 
man. Space/Aeronautics, Aug., 1960, pp. 153 


154, 156, 159. Study of the effectiveness of 
countermeasures, defined in terms of cost and 
value and expressed in an equation Key 
lester for determining cost and value are listed 
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IMPORTANT 
PROGRESS TOWARD ADVANCED 


AIRCRAFT 


— THROUGH NUCLEAR POWER 


—the flight vehicle which can live in the air 

as easily and confidently as a ship lives in the sea— 
will be powered by a nuclear reactor, the only source 

of energy which can provide virtually unlimited range 


and endurance for aircraft, for high altitude or on 


the deck, long range military air missions. 


When the program to produce such a 
nuclear propulsion system was started 
at General Electric in May, 1951, ex- 
perts then felt that the project might 
take twenty years. 

But today, little more than nine years 
later, the Aircraft Nuclear Propulsion 
Department of General Electric has 
developed and demonstrated the basic 
technology required to build and fly a 
high performance aircraft nuclear pro- 
pulsion system. 

During the 9-year span of effort, 
General Electric engineers and 
scientists have achieved major break- 
throughs in reactor technology, 
shielding techniques, high temperature 
resistant materials, specialized controls 
capable of functioning reliably in a 
high density radiation environment, 
and in other areas. 

One of these technical achievements 
is discussed to the right in capsule arti- 
cle form. In succeeding announcements 
other interesting technical advances at 
the Aircraft Nuclear Propulsion Dept. 
of General Electric will be discussed. 


AIRCRAFT 


NUCLEAR 


ADVANCES IN NUCLEAR 
SHIELDING TECHNIQUES 


As the shield is the largest weight item in the 
propulsion system, major effort has been ap- 
plied to shield theory, experiment and design 
since the initiation of the Aircraft Nuclear Pro- 
pulsion program. 


The dimensions of the problem faced are evi- 
dent when you consider that General Electric 
engineers had to find a way to reduce shielding 
weights from hundreds and thousands of tons 
for stationary nuclear power plants by orders 
of magnitude. 


One of the major gains registered was the 
concept of the divided shield, i.e. dividing the 
shielding between the power plant and the crew 
compartment. This concept takes advantage of 
the fact that even the most sensitive component 
of the systern can withstand 10,000 times the 
amount of nuclear radiation that a human being 
can tolerate. 


This concept has been defined through the 
use of improved analytical techniques to pro- 
duce detailed radiation patterns around reactor 
shield assemblies. New computer programs, and 
new calculation techniques developed at Gen- 
eral Electric have yielded invaluable data for the 
design of sophisticated shielding configurations. 


Additional improvements have been attained 
through study of materials. Materials not for- 
merly employed for reactor use have been de- 
veloped and applied. Design techniques have 
been created which take maximum advantage 
of these materials. 


These theoretical and experimental investiga- 
tions have resulted in shields which are so light 


PROPULSION 


that nuclear aircraft need be no heavier than 


Present day airplanes. Shielding weight _is_no 
longer a critical problem. 


Although much has been accomplished, fur- 
ther improvements in shielding technology are 
being developed through improved calculation 
methods, advanced materials development and 
more sophisticated structural design. 


Opportunities exist today for Engineers 
and Scientists from many disciplines to 
contribute to precise solutions of a va- 
riety of sophisticated problems pertain- 
ing to the final development stage of 
General Electric’s nuclear propulsion 
system for high performance aircraft. 


Openings available in both Cincinnati, 
Ohio and Idaho Falls, Idaho for: 

Metallurgists; Ceramists; Mathematicians; 
Technical Editors; Mechanical, Electrical, 
and Chemical Engineers; Nuclear and 
Solid State Physicists; Physical Chemists. 


If you have an interest, and qualifica- 
tions, in any of these areas, please 
write in confidence to: Mr. George 
Hunsinger, Manager, Professional 
Personnel. Room 2-MK. 


GENERAL ELECTRIC 


P.O. BOX 132 CINCINNATI 15, OHIO 


DEPARTMENT 


— 
a 
4 
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for the three purposes of countermeasures: de- 
tection, deception, and denial. 


Amplifiers 


An Introduction to the Theory of Solid-State 
Masers. P.N. Butcher. (JEE Paper 3220 E.) 
IEE Proc., Pt. B, July, 1960, pp. 341-351. 14 
refs. Discussion of the solid-state maser theory, 
with particular reference to the traveling-wave 
maser. The relevant properties of paramagnetic 
ions are described, and the quantum theory of 
maser action is outlined quantitatively. A semi- 
classical treatment is developed and used to 
evaluate the engineering characteristics of a 
traveling-wave maser which employs the comb 
type of slow-wave guide. 


Antennas, Radomes 


Half-Wave Cylindrical Antenna in a Dissipative 
Medium: Current and Impedance. Ronold 
King and Ch. W. Harrison. J. Res., Sect. D - 
RP, July—Aug., 1960, pp. 365-380. 23 refs. 

O Edinstvennosti Resheniia Integral’nykh Urav- 
nenii Teorii Antenn (Pervogo Roda). N. N. 
Govorun. AN SSSR Dokl., May 1, 1960, pp. 
91-94. In Russian. Determination of | the 
uniqueness of solution for previously derived 
first-order integral equations to cover the case of 
an ideally conducting antenna. 


Van Atta Reflector Array. E. D. Sharp and 
M. A. Diab. IRE Trans., AP Ser., July, P1960, 
pp. 436-438. Evaluation of the Van Atta 
reflector array in which the elements are inter- 
connected to reradiate received energy back in 
the direction of arrival. Scattering cross section 
measurements on a four-by-four Van Atta 
array of 16 dipoles are presented. 


A Wide-Band Transverse-Slot Flush-Mounted 
Array. E. M. T. Jones and J. K. Shimizu. 
IRE Trans., AP Ser., July, 1960, pp. 401-407. 
Discussion of the design analysis and measured 
performance of an antenna composed of an H- 
plane array of parallel wave guides having quarter- 
wavelength-thick transverse slots extending com- 
pletely across the array. The discussion is 
illustrated by the design and evaluation of an 
experimental antenna with a radiating aperture 
9 in. wide and 20 in. long. 


Broad-Band Antenna 
Arrays. D. D. King, R. F. Packard, and R. K. 
Thomas. JRE Trans., AP Ser., July, 1960, 
pp. 380-384. USAF- sponsored presentation of 
the requirements for a broad-band, steerable 
linear antenna array. The limitations due to 
grating lobes of an equally-spaced array are 
discussed. Results are given of the study of 
several different unequally-spaced arrays. A 
scheme for controlling the cosine arguments in the 
radiation pattern formula is given which has 
resulted in one of the best patterns of this study of 
unequally-spaced arrays. 


Paraboloidal Reflector Patterns for Off-Axis 
Feed. S. S. Sandler. JRE Trans., AP Ser., 
July, 1960, pp. 368-379. 12 refs. USAF. 
Army- supported discussion of the problem of 
predicting the radiation pattern for an asym- 
metrically illuminated paraboloid. The current 
distribution method is given in a final form suit- 
able for machine computation. An approximate 
analytical solution using scalar diffraction meth- 
ods is compared with the experimental results and 
the machine solution. 


Mutual Coupling Effects in Large Antenna 
Arrays. I!—Compensation Effects. S.  Edel- 
berg and A. A. Oliner. JRE Trans., AP Ser., 
July, 1960, pp. 360-367. USAF-supported 
discussion of the reduction of the variation in the 
input impedance by the use of a compensating 
structure which appropriately modifies the 
environment of the array. A_ two-dimensional 
dipole array is treated as a typical example, and 
its input impedance ts calculated by means of a 
unit cell equivalent network as a function of scan 
angle for different environmental situations. 


Circuits & Components 


Magnetic Phase Correction re 
Barker and A. J. Gruodis. USAF WADC TR 
59-237 [AD 214885], Mar., 1960. 130 pp. 
15 refs. Discussion of circuits which differentiate 
and integrate the modulation on a supressed- 
carrier signal by, respectively, taking finite 
differences and by accumulation. Also, tech- 
niques are presented for altering magnetic 
amplifier design to produce integration and 
differentiation. 


Communications 


Radio Command Set for High-Altitude Balloons. 

. W. Frykman. Electronics, Aug. 26, 1960, 
pp. 54,55. Presentation of the requirements and 
design of lightweight, reliable radio command 
equipment, including both balloon-borne and 
ground-based component systems. 


Dielectrics 
Determination of the Dielectric Properties of 
Low-Loss Ceramics at Q-Band Frequencies. 


J. M. Free and G. B. Walker. (JEE Paper 3223 
M.) IEE Proc., Pt. B, July, 1960, pp. 354-356. 


The Influence of Polarization Effect on Energy 
Loss of Electrons Passing Through Dielectrics. 
Hsiao Chen-hsi and Chou Teh-lin. Acta Physica 
Sinica, Feb., 1960, pp. 98-106. 17 refs. In 
Chinese, with summary in English. Investiga- 
tion using the Wilson cloud chamber filled with 
hydrogen to measure the average and most prob- 
able energy losses of 0.3-1.0 Mev electrons passing 
through beryllium, carbon, and aluminum foil. 


Magnetic Devices 


Magnetic Anomaly Simulator for Use with 
Magnetic Airborne Detectors (M.A.D. 

Godby and R. C. Baker. Canada, NRC DME/ 
NAE Quart. Bul. No. 2, Apr. 1-June 30, 1960, 
pp. 1-18. 


Vliianie Neraynomernosti Namagnichivaniia 
na Staticheskie Kharakteristiki Serdechnika. 
I. G. D. Kozlov. Avtom. i Telemekh., Jan., 
1960, pp. 119-134. In Russian. Presentation 
of a method for determining the effect of magne- 
tization nonuniformity on the static characteris- 
tics of the core for various geometries and rates 
of magnetic polarity reversal 


Obobshchennye Usloviia Sorazmernosti Elek- 
tromagnitnykh Sistem (Geometriia Elektro- 
magnitnykh Sistem). A. S. Tulin. Avtom. 
i Telemekh., Mar., 1960, pp. 374-384. In Russian. 
Discussion covering the problem of the geometry 
of electromagnetic systems. Various optimum 
configurations are indicated, which furnish the 
choice for specific application on the basis of 
technical and economic requirements. 


Sil’nye Magnitnye Polia. G. M. Strakhovskii 
and N. V. Kravtsov. Uspekhi Fiz. Nauk, Apr., 
1960, pp. 693-714. 124 refs. In Russian. 
Survey of the research done on strong magnetic 
fields and their application, and discussion cover- 
ing electromagnets with iron cores, nonferrous 
constant electromagnets, pulse magnetic fields, 
the shape and duration of the field impulse, and 
means for measuring pulse magnetic fields. 


Spisok Literatury po Magnitnym Elementam 
Avtomatiki, i Vychislitel’noi 
Tekhniki za 1958 g. I, II. V. Subbotina and 
I. S. Trefilova. Az tom i Te ‘mekh., Jan.; Feb., 
1960, pp. 271-278; 149-158. 328 refs. In 
Russian. Comprehensive survey of the litera- 
ture on magnetic elements for 1958, covering 
ferromagnetic materials; nonlinear magnetics; 
magnetic amplifiers, their theory and applica- 
tions; magnetic amplifiers, modulators, magne- 
tometers; discrete magnetic elements; magnetic 
generators and frequency transformers; and 
measurements and methods for testing magnetic 
elements. 


Networks, Filters 


The Nature and Behavior of Redundancy Net- 
works and Functions. Fred Moskowitz. USAF 
RADC TR 60-4, May, 1960. 186 pp. 33 refs. 
Investigation of various properties and charac- 
teristics of probabilistic redundancy networks and 
functions which can be used to represent reli- 
ability relationships in complex equipment con- 
taining redundant elements, and in large-scale 
systems containing a multiplicity of alternative 
subsystems or telecommunication nets containing 
possibilities of alternative routing. 


Comparative Investigations of Image and 
Insertion Parameter Filters. Heinrich Simon. 
KTH Trans. 156,1960. 58 pp. 27 refs. Com- 
parative study of image and insertion parameter 
filters of the same structure. The comparison 
is made principally in terms of matching charac- 
teristics. The image impedance and image cut- 
off frequency of insertion parameter filters are 
calculated, and the matching mechanism is 
explained in terms of image parameter theory. 


Power Supplies 


Fuel Cells: Introduction. L. D. McGraw. 
SAE Summer Meeting, Chicago, June 5-10, 1960, 
Preprint 179A. 10 pp. Discussion of fuel cells 
as specialized batteries, including the technical 
and economic aspects of battery power sources. 


A Nitrosyl Chloride Sater Regenerative Fuel 
ca System. W. E. McKee, J. D. Margerum, 

Findl, and W. B Lee SAE Summer Meeting, 
Ciicues June 5-10, 1960, Preprint 179C. 10 pp. 
Discussion of some of the problems and theoretical 
aspects of a photochemical type of solar regenera- 
tive system, including a status report on the 
regenerative nitrosyl chloride fuel cell system 
now being developed. 


Transistor Inverters and Converters. I— 
Basic Principles of the Ringing-Choke System. 
M. D. Berlock and H_ Jefferson. Wireless World, 
Aug., 1960, pp. 399-402. Discussion of the 
design and of the mode of operation of a “‘block- 
ing-oscillator inverter (or converter).”’ 


Assessment of the Feed-Back Vectors Re- 
quired to Stabilise a Carbon Pile Regulator Con- 
trolled Aircraft D.C. Generator with Recenerative 
Loads. D. O. Burns. Gt. Brit.. RAE TN El. 
177, Apr., 1960. 26 pp 


Principles of Thermoelectric Devices. H. J. 
Goldsmid. Brit. J. Appl. Phys., June, 1960, 
pp. 209-217. 26 rets Discussion of the Seebeck 
effect and of the possible improvements in semi- 
conductors—i.e., by alloying with isomorphous 


74 Aerospace Engineering + November 1960 


materials. Construction and performan of 
thermoelectric refrigerators and smal! scale 
thermoelectric devices are considered. 

Preobrazovanie Teplovoi Energii v Elec <tri- 
cheskuiu s Pomoshch’iu§ Termoelektroanoj 
Emissii. N. D. Morgulis. Uspekhi Fiz 1uk, 
Apr., 1960, pp. 679-692. 28 refs. In Russian. 
Historical survey of the development in the field 
of conversion of thermal energy into el:ctric 
energy by means of thermoelectronic emissi 

Air Force Space Vehicle Power Prozram. 
I—USAF Expands Energy Conversion F fort. 
II—Megawatt Power Levels Sought for Space. 
P. J. Klass. Av. Week & Space Tech., am 15; 


22, 1960, pp. 83, 85-90 (ff.); 69, 71, 72-81 (ff.)’ 
Survey of current WADD programs wy photo- 
voltaic cell technology, thermoelectric and 
thermionic conversion, both regenerative as well 


as unregenerative fuel cells, solar dynamic sys 
tems, and programs in the area of rot iting 
machines for space use. Included is also « dis. 
cussion of the program to develop the 30) kw, 
Spur (Space Power Unit) Reactor. 


Radar 


The Theory and Design of Chirp Radars, 
J. R. Klauder, A. C. Price, S. Darlington, and 
W. J. Albersheim. Bell System Tech. J., July, 
1960, pp. 745-808. 20 refs. Development of 4 
radar technique that provides a solution for the 
conflicting requirements of simultaneous long- 
range and _ high-resolution performance This 
technique, called Chirp, recognizes that resolution 
depends on the transmitted pulse bandwidth. 
A long high-duty-factor transmitted pulse with 
suitable modulation (linear frequency modula- 
tion), which covers a frequency interval many 
times the inherent bandwidth of the envelope, 
is employed. 


Radar Echoes from Birds. M. G. H. Ligda. 
(OSTIV 7th Coner., Leszno, Poland, June, 1958.) 
Schweizer Aero-Rev., Mar., 1960, pp. 187, 188. 


The Design of Radar Signals Having Both High 
Range Resolution and High Velocity Resolution. 
J. R. Klauder. Bell System Tech. J., July, 1960, 
pp. 809-820. Discussion of some fundatental 
limitations on simultaneous range-velocity deter- 
mination in terms of ambiguity diagrams, with 
the aid of a quantum mechanical analog to the 
Wigner distribution function. 


An Analysis of Radar Profiles Over Moun- 
tainous Terrain. H. #. Lyytikainen. Photo- 
grammetric Eng., June, 1960, pp. 403-412 
Investigation of Arizona APR (airborne profile 
recorder) flights which shows that the use of 
radar elevations is possible in very rugged 
country. Discussed are the experimental ma- 
terial; establishment of reference data; calibra- 
tion of the radar beam, divergence angle, and 
beam width; and test result analysis. 


Broad-Band Frequency Scanning Radar Sys- 
tem. S. R. Hennies and J. V. N. Granger. 
Electronics, Sept. 1960, pp. 44-47. Discussion 
of the capabilities, principles of 
operation, and design of a radar system whith 
covers a wide range of frequencies at a high rate of 
frequency scan, and which has a novel arrange- 
ment for detecting Doppler shifts caused by 
target motion. 


FM-CW Radar Now More Attractive to Guid- 
ance Designers. G. J. Bonnelle. Space’ Aero 
nautics, Aug., 1960, pp. 143-148. Review of 
difficulties encountered in early C-W radar de- 
signs and of their new development. A modern 
FM/C-W radar is described and the FM/C-W 
system is compared with pulse Doppler and non- 
coherent pulse radars. 


Semiconductors 


Techniques for Application of Transistors in 
Military Equipment. R. S. Whitlock and 
William von Alvin. USAF WADC TR 59-707, 
Jan., 1960. 165 pp. Discussion relating the 
information commonly set forth in transistor 
specifications to the problems of equipment 
design. Transistor ratings, characteristics, and 
variability of properties are discussed along with 
certain statistical techniques for relating the 
variability information to analytical expressions 
useful in circuit design. Numerical data and 
special design considerations for specific transistor 
types are presented. 


Single Domain Criteria and Their Implica- 
tions. Henri Amar. USAF WADC TR 59-547, 
Oct., 1959. 19 pp. 25 refs. 


Anizotropiia Gal’vanomagnitnogo Effekta ¥ 
Kristalle Germaniia »-Tipa pri Temperaturakh 
Perekhodnoi Oblasti Provodimosti. R. G 
Annaev and A. Allanazarov. AN SSSR Dokl., 
May 21, 1960, pp. 557-560. 10refs. In Russian. 
Study of the anisotropy of the galvanomé agnetic 
effect in a germanium crystal of the n-type under 
the effect of temperatures in the transient region 
of conductivity. 


Telemetry 


Radar Data Transfer System AN TRO! “J 
(XW-1)/GR. G. K. Bennison and M. 4 

McCormick. USAF RADC TR 60-38, 
1960. 104 pp. Presentation of the design, 
theory of operation, and evaluation of a radar 
data transfer system. The system operates ® 
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ACOUSTICS, SOUND, NOISE 


ON THE GENERATION OF SOUND BY SUPER- 
SONIC TURBULENT SHEAR LAYERS. O. M. 
Phillips. J. Fluid Mech., Sept., 1960, pp. 1-28. 
15 refs. Development of a theory to describe the 
generation of sound by turbulence at high Mach 
numbers. The problem is formulated in terms of 
the fluctuating pressure, and a convected wave e- 
quation is derived to describe the generation and 
propagation of the pressure fluctuations. The su- 
personic turbulent shear zone is examined in detail, 
It is found that, at supersonic speeds, sound is 
radiated as eddy Mach waves, and as the Mach 
number increases, this mechanism of generation 
becomes increasingly dominant. Attention is con- 
centrated on the properties of the pressure fluctua- 
tions just outside the shear zone where the interac- 
tions among the weak shock waves have had little 
effect. An asymptotic solution for large Mach 
number is derived by a Green's function technique, 
and it is found that radiation with given frequency 
n and wave number k can be associated with a cor- 
responding critical layer within the shear zone. 


TRANSONIC PERFORMANCE CHARACTERIS- 
TICS OF SEVERAL JET NOISE SUPPRESSORS. 
J. W. Schmeer, L. B. Salters, Jr., and M. D. 
Cassetti. US, NASA TN D-388, July, 1960. 48 pp 
OTS, $1.25. Discussion of the results of an inves- 
tigation on the transonic aerodynamic performance 
characteristics of six noise-suppressor nozzles 
using a hot jet exhaust provided by a hydrogen per- 
oxide system. The 12-tube and 12-lobe nozzles had 
the lowest internal losses at static conditions and 
the 8-lobe nozzle with centerbody, shroud, and 
secondary air had the least propulsive losses at 
transonic speeds. 


CORRELATION OF NOISE PRESSURES AND OF 
THE INDUCED STRAINS IN AN AIRCRAFT STRUC- 
TURE, I - CORRELATION OF PRESSURES A- 
ROUND A JET ENGINE. II - NOTE ON THE USE 
OF CORRELATION TECHNIQUES TO DETERMINE 
THE FORMS OF VIBRATION OF A CONTINUOUS 
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STRUCTURE EXCITED BY RANDOM PRESSURES. 
B. L. Clarkson. (WADC Minn. Conf. on Acoustic 
Fatigue, Oct., 1959.) U. Southampton Dept. 
Aeron. & Astron. Rep. 108, Dec., 1959. 27 pp. 
Presentation of an outline for the characteristics 
of the noise pressure correlation in the region 
surrounding a jet exhaust. In the near field of the 
jet, which is usually the region of most interest 
from the structural point of view, it is necessary 
to rely on experimentally determined values of cor- 
relation. A preliminary investigation into the 
multimodal type of vibration taking place in a tail- 
plane structure excited by jet noise is then describ 
ed. Strain correlation measurements indicate the 
mode of vibration at each resonant frequency. 


AERODYNAMICS, FLUID MECHANICS 


Aerothermochemistry, Dissociation, Ablation 


SUR L'AEROTHERMODYNAMIQUE DES PAROIS 
FONGIBLES. Th. Moulin and J. J. Bernard. 
2nd ICAS Congr., Zurich, Sept. 12-16, 1960, Pre- 
print. 17 pp. 13 refs. In French. Study covering 
the aerothermodynamics of ablation surfaces, It 
is shown, depending upon bleeding or injection in 
the boundary layer, that the asymptotic behavior 
of the solution of the simplified system of laminar 
boundary-layer equations is algebraic or exponen- 
tial at large values of Prandtl or Schmidt numbers. 
These solutions still apply for relatively moderate 
values of these parameters and can be adapted to 
known solutions which are mentioned briefly along 
with the corresponding limiting hypotheses. Also 
indicated are some approaches which lead to suf- 
ficiently accurate and general solutions not involv- 
ing major mechanical computations. Within the 
material itself, the thermal phenomena involve the 
characteristics of thermal conductivity and ablation 
of the material. The solutions of the heat equation, 
obtained by several methods of calculation, are 
discussed. Finally, some experimental observa- 
tions made in wind tunnels at moderate tempera- 
tures on simulation materials (plexiglas) are com- 
pared with theoretical predictions. 
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PARTICLE IMPACTS ON THE MELT LAYER 


OF AN ABLATING BODY. E. W. Ungar. (ARS 
Struc. Des. of Space Vehicles Conf., Santa Bar- 
bara, Apr. 6-8, 1960.) ARS J., Sept., 1960, pp. 
799-805. Army-supported analysis considering 
the effects of high velocity particle impacts on a 
melting body consisting of a composite of glass and 
plastic which evolves a large quantity of gas. An 
equation is developed relating the increase in ero- 
sion rate, as a result of particle impacts, to flight 
and material parameters. It was assumed in the 
derivation that the liquid melt layer protects the 
underlying solid body by decelerating the particles, 
The extent of the melt layer protection was found 
to be dependent on the particle size and melt layer 
thickness. The computed melt layer thickness 
agreed with that observed on glass-reinforced Mi- 
carta 259-2 test specimens which were exposed in 
a rocket exhaust jet. 


ANALYSIS OF THE ABLATION OF PLASTIC 
HEAT SHIELDS THAT FORM A CHARRED SUR- 
FACE LAYER. R. J. Barriault and J. Yos. ARS 
J., Sept., 1960, pp. 823-829. 10 refs. Analysis 
considering a model composed of a porous outer 
layer through which there is a counterflow of gases 
from the thermal decomposition of the plastic. The 
charred layer is backed by a semi-infinite layer of 
the undecomposed solid. The transpiring gases 
are considered to be in thermal equilibrium with 
the skeleton of the porous material. The heat- 
transfer equations are developed and the steady- 
state solution is obtained. The formulas for the 
steady-state temperature distributions, charred 
layer thickness, and heat of ablation are derived 
in terms of model parameters and variables of the 
thermal environment. An approximate formula is 
also derived for the induction time of the nonsteady 
phase of ablation. 


Aerothermodynamics 


AN INTEGRAL METHOD FOR NATURAL-CON- 
VECTION FLOWS AT HIGH AND LOW PRANDTL 
NUMBERS. W.H. Braun and J. E. Heighway. US, 
NASA TN D-292, June, 1960. 40 pp. 13 refs. OTS 
$1.00. Analysis of the boundary layer at two re- 
gions, the thermal and the viscous. Separate poly- 
nomials are used to approximate the temperature 
and velocity profiles in the two regions and are 
then matched at the interface. Comparisons with 
numerical solutions of the flow over a flat plate 
show improvements over other integral methods. 
Application is made to flow over a cone. 


VARIATION IN HEAT TRANSFER DURING 
TRANSIENT HEATING OF A HEMISPHERE AT A 
MACH NUMBER OF 2. R. D. English and H. S. 
Carter. US, NASA TN D-399, June, 1960. 26 pp. 
OTS, $0.75. Presentation of results of heat- 
transfer tests on a 5-in.-diam. hemisphere to de- 
termine the variation of Stanton number with the 
ratio of wall temperature to total temperature. 
The tests were made at stagnationtemperatures of 
760°R., 1,030°R., and 1,380°R, The model was 
constructed so that radiation effects and also stream- 
wise conduction effects within the model skin were 
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minimized, and the tests verified that these effect, 
were small. For laminar flow on the hemisphere, 
the Stanton number remained essentially constant 
as the ratio of wall temperature to total tempera- 
ture increased. However, for fully established 
turbulent flow, the Stanton number at some stations 
decreased on the order of 50% as the ratio of wal] 
temperature to total temperature increased. A 
theory which agreed fairly well with the trend of 
this decrease is shown for comparison, 


EXPERIMENTAL INVESTIGATION OF THE 
DOWNSTREAM INFLUENCE OF STAGNATION 
POINT MASS TRANSFER. P. A. Libby and R, J, 
Cresci. USAF WADC TN 59-210, Apr., 1960. 44 
pp. 20 refs. Presentation of the results of an in- 
vestigation into the downstream influence of local- 
ized mass transfer in the stagnation region of a 
blunt body under hypersonic flow conditions. The 
coolant is injected through a porous plug coaxial 
with the centerline of symmetry of the model. The 
tests were carried out in a Mach 6 wind tunnel with 
stagnation temperatures of approximately l, 600°R, 
and with a stagnation pressure of approximately 600 
psia. Four different gases were injected over a 
range of mass flows. The heat transfer on the im- 
permeable section was measured under isothermal 
wall conditions; for the higher rates of mass flow, 
adiabatic surface temperatures were also deter- 
mined. Similarity parameters for the flow system 
are established on the basis of an analysis of the 
boundary-layer flow. These parameters permit 
the extrapolation of the test results to other flow 
conditions, provided laminar flow prevails. Helium 
is found to be the most effective coolant. 


A STANDARD FORMULATION OF THE STEADY 
CONVECTIVE MASS TRANSFER PROBLEM. D.B 
Spalding. Internatl. J. Heat & Mass Transfer, 
Aug., 1960, pp. 192-207. 41 refs. Development 
of a convective mass transfer theory to calculate 
the rate of transfer of material across a stream 
boundary. It is shown that, provided certain rela- 
tions exist between the transport properties, every 
mass transfer problem, including those with si- 
multaneous heat transfer and chemical reaction, 
can be expressed by relations of an "Ohm's law" 
type: m'' = gB, where m" is the required mass 
transfer rate through the surface, g is a surface 
conductance dependent on aerodynamic factors, and 
B is a dimensionless driving force dependent on 
the thermodynamic properties of the main stream, 
the fluid in contact with the phase boundary, and 
the transferred substance. The standard formula- 
tion is derived from the differential equations of 
conservation and flux and by reference to a wall- 
flux boundary condition, 


THE INFLUENCE OF LOW WALL TEMPERA- 
TURE ON BOUNDARY-LAYER TRANSITION AND 
LOCAL HEAT TRANSFER ON 2-INCH-DIAMETER 
HEMISPHERES AT A MACH NUMBER OF 4.95 
AND A REYNOLDS NUMBER PER FOOT OF 73.2 


x 10°, Morton Cooper, E, E. Mayo, and J. D. 
Julius. US, NASA TN D-391, July, 1960. 37 pp. 
14 refs. OTS, $1.00. Presentation of the results 


of measurements on the location of boundary-layer 
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transition and the local heat transfer. The initial Rayleigh approximation, but agrees with a recent 
values of the wall-to-stream stagnation-tempera- Pohlhausen calculation by Varley. Near the edge, 
ture ratios were 0.16 (cold tests) and 0.65 (hot the high stress and ease of momentum diffusion 
tests). During two of the four cold tests, the bound- makes the flow very unstable, and turbulent spots 
ary-layer flow changed from turbulent to laminar occur well upstream of the normal transition zone 
over large regions of the hemisphere as the model in the middle of the plate. In fully turbulent flow, 
heated. On the basis of a detailed consideration when the secondary flow is largely localized to 

of the magnitude of roughness possibly present dur- within a few boundary-layer thicknesses of the edge, 
ing these two cold tests, it appears that this de- the secondary flow velocities are everywhere less 


stabilizing effect of low wall temperatures (cooling) than 0.04 of the free-stream velocity. Neverthe- 
is not caused by roughness as a dominant influence. less, the secondary flows from each side interact 
to increase the total drag coefficient. 
EXPERIMENTAL DETERMINATION OF THE ; 
TURBULENT HEAT TRANSFER RATE DISTRIBU- EFFECTS OF FIXING BOUNDARY-LAYER 
TION ALONG A BLUNT FACED BODY FROM TRANSITION FOR A SWEPT- AND A TRIANGU- 
SHOCK TUBE EXPERIMENTS, E, Offenhartz and LAR-WING AND BODY COMBINATION AT MACH 
H. Weisblatt. Avco Res. & Adv. Devel. Div. RAD NUMBERS FROM 0.60 TO 1.40. L. S. Stivers, 
TR 2-58-16, July 7, 1960. 23 pp. 10 refs. Reprint. Jr. US, NASA TN D-312, June, 1960. 28 pp. 14 
USAF -supported investigation showing that for a 0° refs, OTS, $0.75. Investigation using two small- 


angle of attack along the forebody of the model, scale wing-body models to determine the aerody- 
the momentum theory is the upper bound to the namic effects of fixing boundary-layer transition 
data at the midpoint of the forebody. The datathen for swept- and a triangular-wing configurations. 
decreased to the incompressible turbulent flat The wings had an aspect ratio of 2.99 and 3%-thick 
plate value at the end of the forebody (in the vicini- biconvex sections. Lift, pitching-moment, and 

ty of the sonic point), Along the conical afterbody, drag data were obtained at Mach numbers from 
both laminar and turbulent heat transfer rates 0.60 to 1.40 for angles of attack from -2° to about 
were correlated by simple incompressible flat 15°, The Reynolds number for the test was gener- 
plate theory. At angle of attack, the heat transfer ally 1.5 million. Minimum drag data were obtained 
measurements were correlated in terms of the for both configurations over a range. of Reynolds 
measured heat transfer rates at angle of attack numbers from 1.0 million to about 3.0 or 4.0 mil- 
to zero values, A simple engineering approach lion. 


allowed the calculation of this ratio for both the 


laminar and turbulent flow regimes. SOME EFFECTS OF SURFACE CURVATURE 


ON THE LAMINAR BOUNDARY LAYER FLOW. 
HEAT TRANSFER RATE DISTRIBUTION FOR K. Toba. Rensselaer Polytech. Inst. Dept. Aero. 


ACONICAL AFTERBODY ATO, 5, AND 10 DE- Eng. TR AE 5904 (AFOSR TN 60-448), Mar.,1960. 
GREES ANGLE OF ATTACK. E, Offenhartz and 24 pp. Extension of Yen's theory of laminar bound- 
H, Weisblatt. Avco Res. & Adv. Devel. Div. RAD ary layer flow that adopts the natural coordinates 
TM 2-58-105 (Aerody. Sect. Memo. 182), July 6, of the boundary layer approximation to take into 
1960. 25 pp. Reprint. USAF-supportedinvestigation account the surface curvature effects. Further e- 
showing that at 0° angle of attack, the incompress- laboration of the proposed formulation is made and 
ible flat plate theory adequately described the data __ the effects of surface curvature are evaluated for 
trend, Heat transfer rate data obtained at angle of a family of surfaces which yield similar solutions. 
attack was compared to 0° data, and it was found Numerical results for the velocity profiles and the 
that maximum changes in the heat transfer rate wall skin friction distribution obtained by means 
distribution occurred along the windward-leeward of a high-speed computer are presented and ana- 
plane. At 5° angle of attack, the maximum in- lyzed. 

crease in the heat transfer rate was 30% and oc- 

curred along the windward portion of the conical Flow of Fluids 

afterbody. For 10° angle of attack, the heat trans- 
fer rate on the windward portion of the afterbody 
was found to be 2.7 times the 0° rate. 


DETERMINATION OF THE TIME HISTORY OF . 

THE FLOW FIELD ABOUT VARIOUS BLUNT BODY 
SHAPES AND SIZES DURING EXPERIMENTS IN 

Dountary Lazer 1.5-INCHES DIAMETER SHOCK TUBE. E. Offen- 


hartz and H. Weisblatt. Avco Res. & Adv. Devel. 
THE FLOW PAST A FLAT PLATE OF FINITE Div. RAD TR 2-58-10, July 25, 1960. 74 pp. Re- 


WIDTH. J. W. Elder. J. Fluid Mech., Sept., print. USAF-supported investigation of the time 
1960, pp. 133-153. 23 refs. Investigation of certain history of flow about blunt bodies thatwas found to 
three-dimensional boundary layers in an incom- consist of three distinct intervals. The first time 
Pressible fluid for the Reynolds number range of interval, or bow wave build-uptime, occurred im- 
10* to10 , with particularemphasis ontheflownear mediately after the normal shock has passed the 
the side edge. The laminar velocity field is ev- model, During this interval the bow wave formed, 


erywhere convex and does not contain any second- moved forward from the body, and assumed a 

ary flow other than that of the edge where thestress steady state shape and position. The second time 
is controlled by the local radius of curvature. The interval, or steady state, lasted until the onset of 
excess skin friction due to the edge is considerably the third or unsteady flow phase. This last inter- 
greater than that given by calculations based onthe val started when the bow wave interaction with the 
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turbulent boundary layer on the shock tube walls 
caused changes to the bow wave. During this inter- 
val, the bow wave first distorted atthe walls, then 
changed shape and became more normal with time. 
Heat transfer measurements using calorimeter 
gages were found to be sensitive to the entire time 
history of the flow field. Results are presented 
which enable determination of the steady state por- 
tions of heat transfer measurements. 


PROBLEM OF NEARLY SELF-SIMILAR UN- 
STEADY MOTION. T. G. Koldobskaya. (Lenin- 
grad U. Vestnik, No. 1, 1960, pp. 111-122.) ARS 
J. Suppl., Sept., 1960, pp. 853-859. Translation. 
Analysis of unsteady, nearly self-similar motion by 
perturbing basic self-similar flow and linearizing 
the resulting equations. A transformation is used 
to make the new flow self-similar by reducing the 
number of independent variables. The technique 
is discussed for nearly wedge-shaped and nearly 
conical bodies. 


SOME REMARKS ON THE MAGNETOGASDY- 
NAMIC LINEARIZED THEORY. Shigenori Ando. 
Phys. Soc. Japan J., Aug., 1960, pp. 1523-1533. 
Extension of the general theory of magnetogasdy- 
namic linearized flow to cover the case of unsteady 
flow in an arbitrary direction with respect to the 
magnetic field. This theory is also valid in the 
case when the reference frame is considered as 
the ''body axis" slightly inclined against the free 
stream direction. For the case of steady flow, a 
quadratic expression for the pressure distribution 
is derived. As illustrations, some problems of 
weak electromagnetic interaction are solved, name- 
ly, for a two-dimensional thin wing and an axisym- 
metric body. 


SUB- AND SUPER-ALFVENIC FLOWS PAST 
BODIES. W. R. Sears and E, L. Resler, Jr. 2nd 
ICAS Congr., Zurich, Sept. 12-16, 1960, Preprint. 
15 pp. 25 refs. USAF-Navy-supported discussion 
of contrasts between super- and sub-Alfvénic flows 
in terms of the following categories of sub-Alfvénic 
phenomena: (1) upstream wakes, (2) upstream- 
inclined waves, and (3) elliptic supersonic and hy- 
perbolic subsonic flows; negative lift of airfoils at 
positive incidence. These phenomena are discuss- 
ed with a view toward explaining their origins. It 
is concluded that none violates simple physical 
principles, but that the lift produced in elliptic sub- 
Alfvén regimes cannot be predicted with confidence 
until the analog of the Kutta-Joukowski condition 
is understood. Finally, an attempt is made to as- 
sess the probability of laboratory observations of 
these phenomena. It is concluded that values of 
the magnetic Reynolds number can be realized that 
will permit these effects to be studied before they 
are attenuated by diffusion. 


FLOW BEHIND SHOCK WAVES IN CONDUCT - 
ING GASES. R. P. Kanwal. Royal Soc. (London) 
Proc., Ser. A, Sept. 6, 1960, pp. 263-268. 11 
refs. Study of the vorticity and current density 
behind a shock wave, considering mainly plane 
steady flows. It is shown that in addition to gen- 
erating vorticity, the shock waves also generate 
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electricity. Secondly, the expression for vorticity 
in conducting gases, in contrast to nonconducting 
gases, depends on the thermodynamic behavior of 
the fluid. Finally, a relation is developed between 
the normal components of the vorticity and current 
density vectors behind the shock wave. 


EXPERIMENTAL INVESTIGATIONS OF THE 
INTERACTION BETWEEN A SHOCK AND A MAG. 
NETIC FIELD. J. P. Barach. U. Md. Inst. 
Fluid Dynamics & Appl. Math. TN BN-203 (AFOSR 
TN 60-439), Mar., 1960. 29 pp. 12 refs. Study 
of the magnetic interaction observed with flows of 
Mach number about 15 in krypton and inhomoge- 
neous magnetic field of about 50,000 gauss. The 
loss of momentum flux in the gas flow is propor- 
tional to the magnetic impulse taken up to a point, 
where there seems to be a sudden adjustment of 
flow velocity. The position of this point is deter- 
mined by the parameter 6 v B“/P. The higher 
this parameter, the earlier the interaction and 
the less its total effect. Moderately low values of 
the parameter produce the largest effects. 


JETS OF A PERFECTLY CONDUCTING IN- 
VISCID GAS IN THE PRESENCE OF A MAGNETIC 
FIELD PARALLEL TO THE STREAM. Shigeki 
Morioka, Phys. Soc. Japan J., Aug., 1960, pp. 
1516-1522, Analysis of two-dimensional and axially 
symmetric jet, based on linearized theory. When 
the jets are governed by the supersonic hyperbolic 
equation, so that the external disturbance does not 
propagate upstream into the nozzle, the fundamen- 
tal equations and the boundary conditions are found 
to agree in their forms with those in the ordinary 
gas dynamic case, except for some parameters. 
However, when the surrounding flow is governed 
by the subsonic hyperbolic equation, the circum- 
stance is somewhat different from the gas dynamic 
case, because disturbances inthe surrounding flow 
propagate along the upstream characteristics. The 
structure of such a jet in the two-dimensional case 
is re-examined from the viewpoint of reflection 
and refraction of a weak plane shock wave incident 
upon an interface between two streams. 


SOME ASPECTS OF NON-EQUILIBRIUM 
FLOWS. Raymond Sedney. US, BRL Rep. 1099, 
Mar., 1960. 37 pp. 13 refs. Study of the general 
features of nonequilibrium flow, especially vibra- 
tional relaxation, which is somewhat simpler than 
dissociation and ionization. Those aspects of two- 
dimensional and axisymmetric flow behind shock 
waves are examined analytically which yield sig- 
nificant information without requiring numerical 
solution of the governing equations. The thermo- 
dynamics of avibrational relaxing gas are discussed 
Crocco's theorem and the characteristic equations 
are derived. Then a simple method of obtaining 
the initial gradients of the flow variables behind a 
shock is shown. These gradients are used in dis- 
cussing two particular flows. An exact solution for 
flow over a cusped body is obtained. Flow over 4 
wedge near the tip and far from the tip is consider 
ed. It is found that far from the tip, a boundary- 
layer type phenomenon occurs, 
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ANALYSIS OF THE FLOW AND ENERGY SEPA- 
RATION IN A TURBULENT VORTEX, R. G. 
Deissler and M. Perlmutter. Internatl. J. Heat 
& Mass Transfer, Aug., 1960, pp. 173-191. 13 refs. 
Analysis of the velocity, temperature, and pres- 
sure distributions in a turbulent vortex with radial 
and axial flow. For making the calculations, the 
vortex is divided into a core and an annular region, 
each with a different uniform axial mass velocity, 
although the equations obtained are applicable to 
an arbitrary axial mass velocity distribution. Tan- 
gential velocity, temperature and pressure distri- 
butions, as well as curves for overall energy or 
temperature separation, are presented and com- 
pared with experiment. Using the analytical re- 
sults, the causes of the energy separation are stud- 
ied. It is concluded that the most important factor 
affecting the total temperature of a fluid element 
in a compressible vortex is the turbulent shear 
work done on or by the element. 


Internal Flow 


VERGLEICH DER DREIDIMENSIONALEN | 
STROMUNGEN DURCH VERDICHTERLEITRADER 
MIT BEWEGTER NABE UND DURCH GERADE 
VERDICHTERGITTER. Georg Hubert. ZFW, 
Aug., 1960, pp. 226-243. 3l refs. In German. 
Investigation of an annulus formed by the compres- 
sor case and the hub behind the compressor stators, 
Speed of rotation of the hub, tip clearance of the 
cylindrical blades of NACA 8410-section, and the 
pitch of the blades were varied. Comparative tests 
on straight cascades of the same type, with station- 
ary walls, as well as measurements of pressure 
distribution over the blades and flow pictures, were 
used complementarily. The results show the cas- 
cade flow not to be essentially influenced by the 
relative motion between blade tip and hub in the 
case of compressor stators. Furthermore, the 
results for stators with stationary hub are in good 
agreement with those for the straight cascades, 
provided the additional condition of radial equilib- 
rium is taken into account in the former case. 
Loss coefficients, angles of outflow, static pres- 
sure rise, and axial velocities can, therefore, be 
estimated with reasonable accuracy for compres- 


sor stators using the values obtained from straight 
cascades. 


REATTACHMENT OF A TWO-DIMENSIONAL, 
INCOMPRESSIBLE JET TO AN ADJACENT FLAT 
PLATE. C. Bourque and B. G. Newman. Aero. 
Quart., Aug., 1960, pp. 201-232. 2l refs. Appli- 
cation of Dodd's analysis to the Coanda deflection 
of a jet by a flat plate and comparison of the pre- 
dictions with experimental evidence. Two approxi- 
mate theories, developed from Dodd's analysis, 
are given for the mean pressure within the separa- 
tion bubble, the position of reattachment, and the 
increase in volume flow from the slot. It is found 
that the flow becomes independent of both the 
length of the plate and the Reynolds number when 
these parameters are sufficiently large; the flow, 
scaled with respect to the width of the slot, is then 
uniquely determined by the plate inclination. The 
agreement with experiment is fairly satisfactory. 
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Jet Flaps & Wings 


EMPIRICAL RELATIONSHIPS FOR JET-FLAP 
LIFT AND DRAG PREDICTION. D. J. Blakeslee. 
Aerospace Engrg., Nov., 1960, pp. 12-15. 
Presentation of empirical relations for the predic- 
tion of the lift and drag of unswept three-dimension- 
al jet-flapped wings. Plotted data show that the e- 
quations organize lift and drag data with a consist- 
ency sufficient for design use. The principal inno- 
vation is that a thrust-recovery coefficient can be 
subtracted from the drag-coefficient equation to 
represent the so-called thrust recovery or induced 
thrust of jet flaps.. This thrust recovery coefficient 
is simply related to jet-flap parameters. It is di- 
rectly proportional to the momentum coefficient 


and varies approximately as a simple power of the 
flap angle. 


Stability & Control 


THE STABILITY OF THE SHORT-PERIOD MO- 
TION OF AN AIRFRAME HAVING NON-LINEAR 
NORMAL FORCE AND PITCHING MOMENT 
CURVES. P. A. T. Christopher. Aero. Quart:, 
Aug., 1960, pp. 255-268. Presentation of a meth- 
od for the analysis of stability in second-order 
nonlinear systems by Poincaré's method of singu- 
lar points in the phase plane. This method is then 
used to determine stability criteria for the short- 
period motion of an airframe. The results are 
then compared with those obtained by the applica- 
tion of quasi-linear stability theory. 


EFFECT OF FIXED FORWARD FINS. G. S. 
Campbell. Aircraft Eng., Sept., 1960, pp. 271- 
274. Analysis of the effect of adding a small for- 
ward fin on the lift and center of pressure of a 
slender wing-body combination. The fin is assum- 
ed to discharge a trailing vortex which interacts 
with the main lifting surface. Design charts per- 
mit rapid estimation of lift loss and center of pres- 
sure movement for a delta wing plus body. At the 
lower angles of attack, the lift loss on the wing is 
approximately equal to the lift on the forwaid sur- 
face itself. Most of the lift is lost at the front of 
the wing, andsothe wing center of pressure moves 
aft with the addition ofthe forwardfin. Theoretical 
estimates are in general agreement with experi- 
mental results at Mach numbers 1.65 and 2.41. 


Wings & Airfoils 


THEORETICAL INVESTIGATIONS ON RING 
AIRFOILS. Johannes Weissinger. Karlsruhe 
Tech. Hochsch. Inst. Angew. Math. Rep. (AFOSR 
TN 60-343), Jan., 1960. 113 pp. 10 refs. Study 
of the effects of interference between a ring airfoil 
and a slender central body. Simple formulas for 
the lift and the pitching moment are derived from 
a more thorough theory by considerations taken 
from lifting line and three quarter point theory. 
Numerical results are given for ellipsoidal bodies. 
Two methods for computing the three-dimensional 
laminar boundary layer on ring airfoils are devel- 
oped. The first is based on an expansion with re- 
spect to the angle of attack, the second is an itera- 
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In both methods a von Karman- 
Pohlhausen procedure is used, The wall stream- 
lines and the separation line are shown. 


tion procedure. 


THE EFFECT OF THE GEOMETRY NEAR THE 
TRAILING EDGE ON THE ZERO-LIFT WAVE 
DRAG OF SLENDER WINGS. J. Weber. Gt. Brit., 
RAE TN Aero. 2662, Mar., 1960. 23 pp. Study 
of slender-body theory in which the zero-lift wave 
drag of bodies with a pointed nose depends on the 
cross-sectional area distribution and the geometry 
of the body near the trailing edge. The effect of 
the trailing edge geometry is determined for (1) 
wings with sharp trailing edge, (2) wings with blunt 
trailing edge, (3) wings with sharp trailing edge 
attached to a circular cylindrical body in mid-wing 
position. 


LIMITATIONS OF THE SONIC AREA RULE. 
L. M. Sheppard. Aero. Quart., Aug., 1960, pp. 
248-254. Analysis of test results for the sonic 
wave drag of sweptback, tapered wings, suggesting 
that the sonic area rule is applicable to thin wing 
and slender body combinations, provided that 
the product of the wing span/length ratio and the 
cube root of the thickness/chord ratio is less than 
unity. The wing span/length ratio was found to be 
a much more useful slenderness parameter than 
the aspect ratio. When the wing has a round-nosed 
section, theoretical considerations predict the ex- 
istence of a so-called leading edge drag force vary- 
ing with Mach number. It would be expected that 
such a wing would have the same sonic drag-rise 
as the equivalent body with an identical cross-sec- 
tion area distribution. Some test results do not 
confirm the drag-rise equivalent. It appears that 
the transonic drag-rise of the leading edge force 
is much greater than that predicted by theory. 
Tests on one basic wing-body combination, with 
different body cross-sectional shapes of the same 
area, suggest that the cross-sectional shape, of a 
smooth slender body, has no influence on the tran- 
sonic wave drag of a configuration. 


AEROELASTICIT Y 


FLUTTER OF A DEFORMABLE ROCKET IN 
SUPERSONIC FLOW. Jerzy Kacprzynski and Syl- 
wester Kaliski. 2nd ICAS Congr., Zurich, Sept. 
12-16, 1960, Preprint. 14 pp. Presentation of an 
equation for the elastic vibration of a slender body 
in a supersonic flow, taking into account damping 
and axial forces. A general method of solution is 
proposed, consisting of a reduction in the original 
equation to a Volterra integral equation and apply- 
ing the method of initial parameters. An approxi- 
mate method of solution is also given, and results 
for the two types of computation examples of flutter 
velocity are given. 


A METHOD OF SELFINDUCED ALLEVIATION 
OF AIRFRAME LOADS. F. Misztal. 2nd ICAS 
Congr., Zurich, Sept. 12-16, 1960, Preprint. 13 
pp. Investigation into the possibilities of applying 
coupling of aileron deflections with wing bending 
deflections in order to reduce the variable aerody- 
namic wing load increments imposed by gusts and 
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maneuvering. The purpose of the study is to in- 
crease considerably the safe fatigue life of basic 
wing structure components without apparent weight 
penalty. Some experimental results obtained from 
elastic wing model tests in a wind tunnel are pre- 
sented and analyzed. The results of this analysis 
are discussed, in particular with reference to the 
structure fatigue conditions for an example of a 
typical gust load spectrum. 


STEADY STATE DAMPED VIBRATIONS AND 
STABILITY OF A CLASS OF NONLINEAR DIS- 
CRETE SYSTEMS. S. T. Chow and P. R. Sethna, 
USAF WADC TR 59-543, Mar., 1960. 48 pp. In- 
vestigation of the steady state vibrations of a class 
of nonlinear discrete systems with an arbitrary 
number of degrees of freedom. Some special ef- 
fects of the relations between the linear natural 
frequencies on the qualitative nature of the derived 
solutions are demonstrated. It is shown that if the 
linear natural frequencies do not possess certain 
relations, the system can be treated in a manner 
similar to that for a system of a single degree of 
freedom. The various solutions are then examined 
for their stability. Poincaré's theory of singulari- 
ties in the phase plane is used to study the stability 
of those problems which can be treated in a manner 
similar to that for a single degree of freedom sys- 
tem. In all other cases the stability is examined 
by applying the Routh-Hurwitz criterion to a trans- 
formed set of equations. Solution for one specific 
problem is obtained and checked against those ob- 
tained from an analog type computer. 


DAMPING OF RECTANGULAR PLATE VIBRA- 
TIONS. T. S. Lundgren, C. C. Chang, and Y. C. 
Whang. USAF WADC TR 59-544, Mar., 1960. 

20 pp. Investigation of the effectiveness of two 
types.of damping devices. First, an analysis is 
made of the effect of an impact type damping mech- 
anism on a vibrating square plate. The force which 
the damping mechanism exerts on the plate is ide- 
alized as a series of impulses acting at the center 
of the plate. It is found that the device does not 
make a very effective damper. Then an analysis 
is made of the effect of a damping device on the 
vibrations of a rectangular plate. The damperconr 
sidered is a free piston in a closed cylinder which 
is attached to the center of the plate. When the 
leakage through the gap between the piston and the 
cylinder is small, the piston is caused to oscillate 
on the "'spring" of air in the cylinder. It is found 
that this device can effectively damp out the reso- 
nant mode of the plate vibration, 


AIRPLANES 


Control Systems, Automatic Pilots 


CLOSED-LOOP FLIP-FLOP CONTROL 3 Y5- 
TEMS. Milton Rogers and George Shapiro. J. 
Aerospace Sci., Nov., 1960, pp. 841-853. Devel- 
opment of the basic concepts underlying the synthe 
sis and analysis of closed-loop, flip-flop control 
systems of the electromechanical type. Closed- 
form analytical solutions are found which relate 
the various parameters in closed-loop, flip-flop 
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systems. The relationships among lead time, rise 
time, delay time, dwell time, and limit-cycle am- 
plitude are determined as functions of inertia, aero- 
dynamic damping, and available control moment. 

A strong dependence of system performance on 
aerodynamic damping is demonstrated. Damping 
is equivalent to a lead time and, when heavy aero- 
dynamic damping is present, a lag in the feedback 
loop may be necessary for desired system per- 
formance. 


Design 


AIRCRAFT SHAPES AND THEIR AERODYNAM- 
ICS FOR FLIGHT AT SUPERSONIC SPEEDS. D. 
Kiichemann. 2nd ICAS Congr., Zurich, Sept. 12- 
16, 1960, Preprint. 21 pps 20 refs. Analysis, for 
a given flight range, to determine the geometry of 
supersonic aircraft which is defined by box sizes 
having certain relations between span and length 
into which the aircraft must fit. These boxes are 
always longer than they are wide and become nar- 
rower as the design Mach number goes up so that 
the aircraft lies always well within the Mach cone 
from its nose. Various layouts are then discussed, 
with suitable types of flow which not only give the 
required performance but are also acceptable for 
engineering purposes. The yawed wing, the swept 
wing-fuselage combination, and the slender wing 
are shown to offer potential solutions, each ofthese 
designed to have the same type of flow throughout 
its flight range. Slender wing aircraft are consid- 
ered in more detail and some theoretical and ex- 
perimental results are given. 


ENGINES FOR SUPERSONIC AIR LINERS. 
R. R. Jamison and R. J. Lane. (RAeS 1,158th 
Lecture, London, Mar. 24, 1960.) RAeS J.,Sept., 
1960, pp. 507-530; Discussion, pp. 530-534. (Also 
in Bristol Siddeley J., Summer, 1960, pp. 100-104.) 
Study of the power-plant requirements for long 
range, high-speed transport aircraft considering 
turbojets with and without afterburners, combina- 
tions of turbojets and ram-jets, and ducted fans. 
Three supersonic speeds (Mach 2.0, 3.0, and4.5) 
are chosen for comparison against the Mach 0.8 
long-range jet transports. Emphasis is placed 
upon the interdependence of the engines and the air- 
frame in the fields of aerodynamics, structures, 
installation, control, performance, and operation. 
To match the spectrum of engines, a corresponding 
variation of airframe properties is developed to 
suit the required mission over a range of values, 
primarily, of cruise speed and wing loading. The 
relative merits of different engine installations are 
finally assessed as the payload for the specified 
mission, assuming a constant gross weight for the 
aircraft. Each airframe-engine configuration has 
also to satisfy certain operational criteria such as 
take-off distance and approach speed on landing 
and, finally, nuisance factors such as engine jet 
noise and sonic boom are assessed and taken into 
account, 


Landing, Landing Loads 


A FLIGHT STUDY OF A POWER-OFF LANDING 
TECHNIQUE APPLICABLE TO RE-ENTRY VEHI- 
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CLES. R.S. Bray, F. J. Drinkwater, III, and 
M. D. White. US, NASA TN D-323, July, 1960. 
27 pp. OTS, $0.75. Presentation of a power-off 
landing technique developed for aircraft configura- 
tions having very.low values of maximum lift-drag 
ratio. The initial phase of the pattern is a high- 
speed glide from altitude, aimed at a landmark 
short of the runway threshold. Ata specified alti- 
tude and speed, a pull-out is made to a shallow 
flight path along which the aircraft decelerates to 
the touchdown point. Landings were made repeat- 
edly within 600 ft. of a preselected touchdown point 
at airspeeds within ten knots of the desired value. 


MATERIALS 
High Temperature 


MATERIALS FOR RE-ENTRY HEAT PROTEC- 
TION OF SATELLITES. Leo Steg. (ARS Semi- 
Annual Meeting, San Diego, June 8-ll, 1959.) ARS 
J., Sept., 1960, pp. 815-822. 26 refs. Study of 
four types of materials suitable for ablation: (1) a 
material which gasifies but does not liquefy; (2) a 
material which reacts at its surface with the con- 
stituents of dissociated air; (3) a material which 
melts and vaporizes; and (4) a material which par- 
tially gasifies, the remaining material being re- 
moved by surface combustion. The result of a the 
oretical analysis of ablation for a typical satellite 
re-entry trajectory is presented together with 
some experimental data for materials of the four 
types: Teflon, graphite, quartz, and phenolic-nylon, 
The satellite re-entry environment was simulated 
in an electric arc driven tunnel. Comparison is 
also made between results in low heat transfer and 
high heat transfer test environments to illustrate 
differences in behavior between steady-state and 
nonsteady-state ablation. It appears that little 
ablation of the materials considered will occur 
during the ballistic re-entry of a blunt nonlifting 
vehicle from a satellite orbit. The selection of 
materials for heat protection can, therefore, be 
strongly influenced by other criteria. 


MISSILE, ROCKET, & SPACE TECHNOLOGY 


GENERAL RESEARCH IN FLIGHT SCIENCES 
- FLIGHT DYNAMICS AND SPACE MECHANICS, 
IX - MECHANICS PROBLEMS OF SPACEFLIGHT. 
W. E. Jahsman, G. B. Cline, Jr., H. V. Hahne, 
and W. Nachbar. Lockheed Aircraft Missiles & 
Space Div., vol. Ill, TR LMSD-288139, Jan., 1960. 
101 pp. 20 refs. Discussion ofthe need for large- 
area, low-mass structures for use in orbiting and 
space vehicles. Certain static and dynamic prob- 
lems associated with large-area, low-mass struc- 
tures in the form of torustiffened membranes are 
treated in-a preliminary fashion. It is found that 
this assembly, consisting of a circular membrane 
stretched by an inflated torus, has the desirable 
properties of light weight, relative ease in pack- 
aging, and unfurling. It also may be advantageous 
to reinforce the torus skin with high-strength fila- 
ments to keep the ratio of torus mass to membrane 
mass low. The dynamic problems treated included 
a study of the maneuvering "tacking" motions of a 
solar-sail spaceship and the conditions for stable 


November 1960 - Aerospace Engineering 81 


ie 
ye 
ae 
% 


oscillations of a passive communications antenna. 
Unfurling of such structures may be accomplished 
through compressed air bottles or possibly by the 
use of dry ice which inflates the torus as it sub- 
limes in orbit. Finally, some future topics of 
study to provide useful design information are 
suggested. 


GENERAL RESEARCH IN FLIGHT SCIENCES 
- FLIGHT DYNAMICS AND SPACE MECHANICS. 
VIII - MASS CONSIDERATIONS IN RING-SUPPORT- 
ED SOLAR SAILS. W. E. Jahsman. Lockheed 
Aircraft Missiles & Space Div., vol. III, TR LMSD- 
288139, Jan., 1960. 14 pp. Study of the solar sail 
example of Tsu, for which the lower bounds to the 
mass of a ring to stiffen the solar sail are develop- 
ed. It is found that a relatively large ring mass is 
required when the cross section is solid. Ring 
mass requirements are considerably reduced by 
the addition of massless stiffening spokes, or by 
the use of a ring with a hollow cross section. These 
results are further amplified by considering the 
solar sail efficiency, which is defined as the ratio 
of payload mass to total mass. An upper bound to 
the payload efficiency shows that this quantity de- 
creases with increasing sail diameter. 


PERFORMANCE AND DESIGN CONSIDERA- 
TIONS FOR MANEUVERING SPACE VEHICLES. 
L. W. Warzecha. Aerospace Engrg., Nov., 1960, 
pp. 18-23, 56-59 (ff.). 10 refs. Presentation of an 
analysis of the required degree of maneuverability 
for avariety of space missions, including return to 
the earth's surface. Design and performance penal- 
ties associated with high degrees of maneuverability 
are presented, with particular attention directed 
toward near-earth orbital flight. It is found that 
initial space maneuvers will be limited by propul- 
sion requirements and will consist of simple ren- 
dezvous and intercept in near-earth orbital flight. 
Vehicle landing or recovery maneuvers will be re- 
quired for landing at a preselected site from a 
low-altitude orbit on any chosen day, even though 
that site may be substantially far away from the 
satellite orbital plane. In most practical cases, 
recovery maneuvers will be performed more eco- 
nomically by semiballistic aerodynamic glide than 
by rocket-powered flight. Finally, it is concluded 
that a modular system for payload and mission 
flexibility can be achieved without significant weight 
or performance penalties. 


EFFECTS OF JET BILLOWING ON STABILITY 
OF MISSILE-TYPE BODIES AT MACH 3.85. R. J. 
Salmi. US, NASA TN D-284, June, 1960. 17 pp. 
OTS, $0.50. Investigation of interference effects 
of a billowing jet on the forces and moments of 
two missile-type bodies. To simulate a rocket jet, 
pressurized nitrogen was exhausted from an annu- 
lar sonic nozzle. The results indicate that for 
both models the stability parameter dC, /d & (rate 
of change of pitching-moment coefficient with angle 
of attack) in the region of zero angle of attack was 
favorably influenced by the interference resulting 
from separation due to jet billowing. Schlieren 
photographs are presented that show the separation 
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due to the jet billowing at various pressure ratios 
and angles of attack. 


GENERAL RESEARCH IN FLIGHT SCIENCES 
- FLIGHT DYNAMICS AND SPACE MECHANICS, 
V - THE LOCAL ACCURACY OF DOPPLER OR- 
BIT DETERMINATION. J. V. Breakwell. Lock- 
heed Aircraft Missiles & Space Div., vol. Ill, TR 
LMSD-288139, Jan., 1960. 9 pp. Statistical ana- 
lysis of the accuracy with which local orbital pa- 
rameters can be determined from Doppler-frequen- 
cy information during a single pass near a single 
station. The best-determined local orbital param- 
eters are: time of closest approach, minimum 
slant range, and speed. Curves are obtained show. 
ing the accuracy of these three parameters for 
various minimum and maximum slant ranges, as- 
suming that the difference points of the "observed" 
Doppler curve have independent errors. 


Ballistics, Re-Entry 


GENERAL RESEARCH IN FLIGHT SCIENCES 

- FLIGHT DYNAMICS AND SPACE MECHANICS, 
XI - SPIN-INDUCED FORCED RESONANT BE- 
HAVIOR OF A BALLISTIC BODY HAVING STABLE 
NONLINEAR AERODYNAMIC PROPERTIES. J. S. 
Kanno. Lockheed Aircraft Missiles & Space Div., 
vol. II, TR LMSD-288139, Jan., 1960. 53 pp. 
Analysis of a ballistic body to determine the funda- 
mental facets of the steady-state resonant behavior, 
as well as certain aspects of the transient behavior, 
Several modes of steady-state resonant behavior 
and corresponding transient behavior are shown to 
occur. Moreover, the manner of occurrence of 
these modes of ballistic motion is shown to be de- 
termined by a few elementary relationships. Two 
specific cases, typical monotonically "softening" 
and "hardening" C,,,, are treated in detail to illus- 
trate the application of the general results and to 
draw attention to the significant properties of the 
ballistic system. 


GENERALIZED TABLES FOR THE CALCULA- 
TION OF TRAJECTORY CURVES FOR BODIES 
MOVING IN AIR. M. M. Currie. Canada, NRC 
Aero. Rep. LR-277, Apr. 1, 1960. 52 pp. Pres- 
entation of tables from which the cartesian coordi- 
nates of a trajectory can be readily derived for 
any initial conditions if the terminal velocity of the 
body is known. 


EFFECT OF ECCENTRICITY OF THE LUNAR 
ORBIT, OBLATENESS OF THE EARTH, AND SO- 
LAR GRAVITATIONAL FIELD ON LUNAR TRA- 
JECTORIES. W.H. Michael, Jr., andR. H. 
Tolson. US, NASA TN D-227, June, 1960. 37 pp. 
10 refs. OTS, $1.00. Comparison between lunar 
trajectories which were calculated by using the 
classic restricted three-body equations of motion, 
and lunar trajectories (with identical injection con- 
ditions) which were calculated by using equations 
of motion which include terms representing the ad 
ditional effects. It is found that the oblateness of 
the earth can modify the trajectories in the vicinity 
of the moon by several hundred miles or more; 
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whereas, the eccentricity of the moon's orbit and 
the gravitational gradient of the sun are relatively 
less important and cause a difference in impact 
point of no more than one or two hundred miles 
along the lunar surface. 


THEOREM OF IMAGE TRAJECTORIES IN THE 
EARTH-MOON SPACE, Angelo Miele. (XIth 
Internatl. Astron. Congr., Stockholm, Aug. 15-20, 
1960.) Boeing Sci. Res. Lab. FSL Rep. 21, Dl-82- 
0039, Jan., 1960. 20 pp. 14 refs. (Revised). 
Analysis considering the motion of a small vehicle 
in the earth-moon space under several hypothesis 
relative to the behavior of the earth-moon system. 
Two theorems associated with the relative motion 
are established: the irreversibility theorem and 
the theorem of image trajectories. The former 
theorem states that, if a trajectory is physically 
possible in the earth-moon space, the reverse 
trajectory is not physically possible. The theorem 
of image trajectories states that, if a trajectory 
is physically possible in the earth-moon space, the 
following image trajectories are also physically 
possible: (1) the image with respect to the plane 
which contains the earth-moon axis and is perpen- 
dicular to the axis of rotation of the earth-moon 
system, flown in the same sense as the original 
trajectory; (2) the image with respect to the plane 
which contains the earth-moon axis and the axis of 
rotation of the earth-moon system, flown in the 
opposite sense; and (3) the image with respect to 
the earth-moon axis, flown in the opposite sense. 
This theorem is of interest in the parametric study 
of lunar trajectories, since, once a basic set of 
trajectories is calculated, three additional sets can 
be obtained by simple transformation of coordinates, 


GENERAL RESEARCH IN FLIGHT SCIENCES 
- FLIGHT DYNAMICS AND SPACE MECHANICS. 
VII - RESEARCHES IN INTERPLANETARY TRANS}- 
FER, J. V. Breakwell, R. W. Gillespie, and S. 
Ross. (ARS 14th Annual Meeting, Wash., Nov. l6- 
20, 1959, Paper.) Lockheed Aircraft Missiles & 
Space Div., vol. III, TR LMSD-288139, Jan., 1960, 
42 pp. Presentation of a method by which inter- 
planetary trajectories may be calculated rapidly 
and to a degree of accuracy suitable for design 
studies. By splitting the three-center problem 
associated with interorbital ballistic transfer into 
three one-center segments which overlap somewhat 
at their junctions, solutions may be readily found 
by machine iteration. Examples presented include 
velocity requirements for trips to and from Mars 
during the period from March, 1960 to April, 1961. 
Considering that the orbits of Earth and Mars are 
elliptical and mutually inclined, the Hohmann mini- 
mum-energy transfer criterion disappears, and 
the occurrence of several local minimum-energy 
trajectories is observed; this phenomenon is expect- 
ed to be typical of all interplanetary orbit studies. 


GENERAL RESEARCH IN FLIGHT SCIENCES 
~ FLIGHT DYNAMICS AND SPACE MECHANICS. 
il - MINIMUM TRANSFER TIME FOR A POWER- 
LIMITED ROCKET, G, Leitmann. Lockheed Air- 
craft Missiles & Space Div., vol. Ill, TR LMSD- 
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288139, Jan., 1960. 37 pp. 4l refs. Analysis con- 
sidering the acceleration program leading to mini- 
mum transfer time for a power-limited rocket 
moving between prescribed positions and velocities 
in a constant gravitational field. It is found that 
flight must take place at maximum power and that 
the acceleration components are linear functions 

of time. The case of rectilinear transfer between 
positions of rest is treated in detail, and the results 
are compared with those previously obtained for a 
constant acceleration transfer. 


ANALYSIS OF TRAJECTORY.PARAMETERS 
FOR PROBE AND ROUND-TRIP MISSIONS TO 
MARS. J. F. Dugan, Jr. US, NASA TN D-281, 
June, 1960. 68 pp. OTS, $1.75. Presentation of 
charts for one-way transfers between Earth and 
Mars, that show velocity, time, and angle parame- 
ters as functions of the eccentricity and semilatus 
rectum of the Sun-focused vehicle conic. From 
these curves are obtained others useful in planning 
one-way and round-trip missions to Mars. The 
analysis is characterized by circular coplanar plan- 
etary orbits, successive two-body approximations, 
impulsive velocity changes, and circular parking 
orbits at 1.1 planet radii. For roundtrips, the 
mission time considered ranges from 130 to 1, 000 
days, while wait time spent in the parking orbit 
around Mars ranges from 0 to 454 days. Departure 
dates, one-way travel times, and individual velocity 
increments are presented for round trips requiring 
minimum total velocity increments. A set of 22 
working charts for Earth-Mars trajectories is 
made available. 


GENERAL RESEARCH IN FLIGHT SCIENCES 
- FLIGHT DYNAMICS AND SPACE MECHANICS. 
X - SPIN-INDUCED FORCED RESONANT BEHAV- 
IOR OF A BALLISTIC BODY RE-ENTERING THE 
ATMOSPHERE, J. S. Kanno. Lockheed Aircraft 
Missiles & Space Div., vol. Ill, TR LMSD-288139, 
Jan., 1960. 3l pp. Analysis using a modified ver- 
sion of Leon's mathematical model to treat spin- 
induced ballistic behavior. The significant param- 
eter of the forced resonant response is shown to 
be an index of the number of cycles of resonant ex- 
citation per unit change of altitude or aerodynamic 
environment. Furthermore, it is shown that for 
small values of this parameter, resonant excitation 
does not occur; consequently, the ballistic motion 
is essentially the response to a slowly spinning 
step input for the prescribed time-varying aerody- 
namic environment. On the other hand, for larger 
values of this parameter, resonant excitation be- 
comes more apparent and the resulting motion, in 
turn, becomes larger. Finally, the important 
properties of the resonant response - the maximum 
angular displacement and the altitude at which it 
occurs - are summarized graphically as functions 
of the ballistic system. 


GENERAL RESEARCH IN FLIGHT SCIENCES 
- FLIGHT DYNAMICS AND SPACE MECHANICS. 
XIII - EVALUATION OF THE MOTION AND AERO- 
DYNAMIC CHARACTERISTICS OF HIGH-FINE- 
NESS-RATIO RE-ENTRY CONFIGURATIONS. 
Lockheed Aircraft Missiles & 


R. L. Nelson. 
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Space Div., vol. Ill, TR LMSD-288139, Jan., 1960. 


23 pp. Presentation of a method to analyze the 
aerodynamic information obtained from the X-17 
missile during re-entry into the atmosphere. The 
equations which form the foundation of the method 
are described. Because of the inherent character- 
istics of the X-17 trajectory and mass characteris-~ 
tics of the vehicle, these equations are simplified 
forms of those developed in previous studies. 


SIMILAR SOLUTIONS IN RE-ENTRY LIFTING 
TRAJECTORIES. Luigi Broglio. Roma U. Sch. 
Aero. Eng. Inst. Aero. Construc. Rep. SIAR 54 
(AFOSR TN 60-678), Dec., 1959. 37 pp. Presen- 
tation of a method which leads to two exact equa- 
tions valid at any altitude and in which the ballis- 
tic parameter is eliminated; a similarity law is 
thus obtained, relating bodies of different inertial 
and aerodynamic characteristics. Typical results 
are presented for an escape re-entry speed for a 
given acceleration peak of 10 g, and for constant 
lift/drag ratios. Similar results are also shown 
for an orbital re-entry speed. 


LOS PROBLEMAS DE LA RE-ENTRADA. 
S. S. Aranguez. Ing. Aero. & Astron., Mar.- 
Apr., 1960, pp. 1-17. ll refs. In Spanish. Study 
covering the dynamics of re-entry of a body into 
the atmosphere for the following cases: (a) direct 
interplanetary entry, (b) re-entry of satellites, 
and (c) re-entry of long-range missiles. Included 
are re-entry from a parabolic orbit or the direct 
entry, from a circular orbit, and from a parabolic 
and a circular orbit with nonzero lift. The heating 
problem is considered for direct entry (parabolic 
orbit) with zero lift, entry from circular orbit with 
zero lift, and entry with nonzero lift. The case of 
radiative equilibrium is also covered; the proce- 
dures for avoiding excessive heating during re- 
entry, including absorption, ablation, radiation, 
and transpiration are evaluated; and the materials 
suitable for re-entry are discussed. 


Spacecraft 


THE CONTRACTION OF SATELLITE ORBITS 
UNDER THE INFLUENCE OF AIR DRAG, I - 
WITH SPHERICALLY SUMMETRICAL ATMOS- 
PHERE. G. E. Cook, D. G. King-Hele, and 
D. M. C. Walker. Royal Soc. (London) Proc., 
Ser. A, Sept. 6, 1960, pp. 224-249, 27 refs. A- 
nalysis using a perturbation method to determine 
the effect of air drag on satellite orbits of small 
eccentricity e ( < 0.2), based on the assumption 
that the atmosphere is spherically symmetrical. 
Equations are derived which show (1) how perigee 
distance and orbital period vary with eccentricity 
as the orbit contracts, and (2) how each of these 
quantities varies with time. The equations of type 
(1) are nearly independent of the oblateness of the 
atmosphere. In all the equations, terms of order 
e* and higher are usually neglected. Results are 
presented graphically in a manner designed for 
practical use. 


GENERAL RESEARCH IN FLIGHT SCIENCES 
- FLIGHT DYNAMICS AND SPACE MECHANICS. 
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IV - ON THE ANOMALIES IN THE MOVEMENT 
OF THE PERIGEE DUE TO OBLATENESS AND 
AIR DRAG FOR CRITICAL VALUES OF INCLINA- 
TION. J. V. Breakwell. (Conf. on Orbit & Space 
Trajectory Determination, sponsored by the NASA, 
Mar. 13, 1959.) Lockheed Aircraft Missiles & 
Space Div., vol. Ill, TR LMSD-288139, Jan. , 1960, 
10 pp. Analysis of secular motion of the line of ap 
sides due to second-order oblateness effects when 
the inclination is at 63.43°, at which value the 
first-order effect vanishes. When the inclination 
is in the vicinity of this value, the perigee is found 
to oscillate very slowly about either the northern- 
most or the southernmost point of its orbit, while 
the inclination itself simultaneously undergoes a 
slow oscillation with a first-order amplitude of first 
order in the oblateness. The effect of a small 
sideways drag due to a rotating atmosphere is also 
considered. 


GENERAL RESEARCH IN FLIGHT SCIENCES 
- FLIGHT DYNAMICS AND SPACE MECHANICS, 
VI - ON THE MOTION OF A SATELLITE ABOUT 
A PLANET WITH ROTATIONAL SYMMETRY. 
C. M. Petty. Lockheed Aircraft Missiles & Space 
Div., vol. Ill, TR LMSD-288139, Jan., 1960. 42 
pp. USAF-supported derivation of an approximate 
closed-form solution to the equations of motion of 
an earth satellite without restriction on the inclina- 
tion angle or eccentricity. In order that the effect 
of "pear-shapeness" on a satellite orbit may be 
studied, the potential function contains the odd har- 
monic terms in addition to the ordinary oblateness 
terms. 


SPACE RECONNAISSANCE, K. L. Sandefur. 
Aerospace Engrg., Nov., 1960, pp. 28-31, 60-62 
(ff.) Survey of the state of the art in space recon- 
naissance considering bothimage-forming and non- 
image-forming sensors. Since the latter case in- 
volves sampling scalar-type fields in the immediate 
vicinity of the vehicle and is not bothered by slant 
range problems, the state of the art here seems 
adequate. In the image-forming sensors, it appears 
that photography provides more bits of information 
per pound of equipment than any other sensor. In- 
frared is limited by the optical collector and the 
detector size. Television is limited by the re- 
quired optical system, but even more limited by 
CRT phosphor grain size. Radar is limited by the 
extremely large antenna requirements to obtain 
narrow beamwidths, and thus small resolution ca- 
pability. Recommendations are made as to improv- 
ing shape and contrast of the target, ground reso- 
lution, scale selection, and aperture and equipment 
size. 


PHYSICS 
Astrophysics 


PLANETARY ASTRONOMY FROM SATELLITE- 
SUBSTITUTE VEHICLES. J. D. Strong, G. H. 
de Vaucouleurs, and Fritz Zwicky. USAF MDC 
TR 60-6, Mar., 1960. 159 pp.. 143 refs. Study 
concerning the use of a balloon to carry a differer 
tial flux meter through the atmosphere to measure 
earth radiation. In addition, the use of a telescope 
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is described for planet and moon observation above 
atmospheric interference and for the observation 

of the sun and stars without the effect of an at- 
mospheric filter. The optical and other technical 
problems of planetary astronomy, including modern 
photographic methods, are then discussed. The 
value of observation in the infrared spectral range 
from a location where nearly all of the atmospheric 
water vapor is below the observer is pointed out, 

as is the advantage of extremely high altitude ob- 
servation of natural and artificial meteors. 


Geophysics 


IL PROBLEMA DEI RAGGI COSMICI IN ASTRO- 
NAUTICA. Marcello Rossi. Riv. Aero., June, 
1960, pp. 903-933. In Italian. Study covering the 
problem of cosmic rays in astronautics, The na- 
ture and composition of cosmic rays are discussed 
along with their energy, intensity, and origin. The 
physical and biological effects of cosmic radiation 
are analyzed, including the effects on matter con- 
stituting the space vehicle and the particular effects 
on living cells of the human organism. A survey 
is made of the data on the structure of the atom, 
on protons and « particles, neutrons, electrons, 
and photons, and some protective measures are 
discussed. 


POWER PLANTS 


ELECTRIC PROPULSION FOR SPACE FLIGHT. 
W. R. Mickelsen. Aerospace Engrg., Nov., 1960, pp. 
6-ll, 36-52 (ff.). 34 refs. Discussion of mission an- 
alyses and vehicle design studies showing that e- 
lectric propulsion promises high performance for 
space missions ranging from earth satellite orbit 
adjustment to manned space flight and deep space 
instrument probes. Considerable research has 
been done on the electric rocket engines classified 
into three general types: electrothermal rocket, 
plasma rocket, and ion rocket engines, and the 
status of these propulsion units is described. Prob- 
lems common to most ion rocket design concepts 
are discussed for the three general types compris- 
ing the colloidal-particle, electron-bombardment, 
and contact-ionization ion rocket engines. Detailed 
mission analysis has shown that the nuclear rocket 
may be competitive with the electric rocket for 
probes and manned flights to the near planets. For 
satellite control and raising, lunar ferries, and 
deep space flight, the electric rocket appears to be 
clearly superior to the chemical rocket and to the 
nuclear rocket in its present form. The develop- 
ment of lighter weight electric power plants will 
make such comparisons more extreme since the 
power-plant weight is a prime factor in limiting 
electric spacecraft performance. 


SATELLITE AND SPACE PROPULSION SYS- 
TEMS. W. E. Moeckel, L. V. Baldwin, R. E. 
English, Bernard Lubarsky, and S. H. Maslen. 
US, NASA TN D-285, June, 1960. 47 pp. 12 refs. 
OTS, $1.25. Presentation of the results of a study 
of low-thrust systems for space and satellite pro- 
pulsion undertaken in 1957 at the Lewis Research 
Center. Particular emphasis is placed on electric 
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propulsion. After an introduction to the general 
characteristics of electric propulsion systems, 
some of the most promising electric power gener- 
ators and thrust generators are reviewed. Electric 
propulsion systems are compared to chemical and 
nuclear rockets for satellite sustaining and orbit 
control, and for manned and unmanned missions to 
Mars. 


Ram-Jet & Pulse-Jet 


HYPERSONIC.RAMJETS. D. L. Mordell and 
J. Swithenbank. -2nd ICAS Congr., Zurich, Sept. 
12-16, 1960, Preprint. 15 pp. Discussion of hy- 
personic ram-jets using supersonic combustion, 
including the diffuser, combustor, and nozzle de- 
sign problems. It is shown that unlike the conven- 
tional ram-jet, the supersonic combustion ram-jet 
imposes no insuperable problems as speed is in- 
creased even up to satellite levels. Performance 
estimates for the supersonic combustion ram-jet, 
using the best current data, suggest high propulsion 
efficiencies up to Mach 20, thus making it attrac- 
tive for long-range high-speed aircraft, and for 
boosting large tonnages into orbit. 


Rocket 


COMPARISON OF LOCALIZED HEAT-TRANS- 
FER RATES IN A LIQUID-OXYGEN - HEPTANE 
ROCKET ENGINE EMPLOYING SEVERAL INJEC- 
TION METHODS AND OXIDANT-FUEL RATIOS. 
R. F. Neu. US, NASA TN D-286, June, 1960. 39 
pp. OTS, $1.00. Study of the effects of injection 
process and oxidant-fuel ratio upon local values of 
heat transfer, using a 1, 800-lbs.-thrust oxygen- 
heptane rocket engine. Circumferential variations 
in local heat flux as high as 2:1 were observed. 
These heat-flux variations were influenced by the 
injector type and the oxidant-fuel ratio. Within the 
chamber, the longitudinal variations of heat flux 
were smaller, generally, than the circumferential 
variations. Each experimental case is explained 
individually in terms of such factors as injector 
spray pattern, spatial heat release, and patterns 
of hot gas flow. 


SOLID PROPELLENT BURNING RATE THEO- 
RY. V. R. Gutman. Aircraft Eng., Sept., 1960, 
pp. 255-260. 26 refs. Study considering the roles 
of radiative heat transfer and a physical disinte- 
grative mode of surface dissipation in a theory of 
propellant burning. The various theories that have 
been proposed are reviewed, and arguments are 
presented supporting the roles of the two burning 
mechanisms. It is believed that, although radiation 
which is in equilibrium with the propellant flame 
temperature may not be adominant part of the gross 
energy feedback to the propellant surface, it is a 
contributing factor and cannot be ignored. Radia- 
tion beyond equilibrium - i.e., chemiluminescence 
- may be dominant in fuel-rich propellant flames, 
particularly in the presence of additives. Chemi- 
luminescence and, to a lesser extent, thermalra- 
diation, may supply energy for photolytic decompo 
sition of propellant binders at rates beyond those 
associated with pyrolysis at the surface tempera- 
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ture. Once the surface is weakened by the above 
processes, mechanical disintegration can become 
a finite factor, reducing the total heat required at 
the surface as predicted by the simple heat balance. 


RESEARCH, RESEARCH FACILITIES 
Wind Tunnels 


MEASUREMENTS OF TWO-DIMENSIONAL 
ZERO-LIFT INTERFERENCE OF VENTILATED 
BOUNDARIES AT SPEEDS UP TOSONIC. D. M. 
Rao and M. A. Ramaswamy. ZAMP, July 25,1960, 
pp. 327-334. Investigation of the interference 
characteristics of typical slotted and perforated 
wind-tunnel walls in two-dimensional zero-lift 
flow, using a circular-arc profile as the test mod- 
el. The influence on blockage interference of three 
slotted and two perforated walls with an area ratio 
ranging from 6% to 18% is studied at Mach numbers 
of 0.7 to 1.0. It is found that the slotted and per- 
forated walls tested show almost identical mid- 
chord blockage interference variation with Mach 
numbers up to unity, in spite of the different geo- 
metric configurations. The experimental results 
are compared with available theories and it is con- 
cluded that for slotted boundaries, the theory of 
two-dimensional blockage interference appears 
adequate up to the model critical Mach number. 
For the perforated boundaries, however, the actual 
cross-flow/pressure-drop characteristics of the 
given boundaries must be used for calculating the 
interference, even at sub-critical Mach numbers. 


AN OPTICAL BOUNDARY-LAYER PROBE, 
J. W. Daiber. J. Aerospace Sci., Nov., 1960, pp. 
836-840. 10 refs. Navy-sponsored application of 
the schlieren-photomultiplier technique to obtain 
quantitative density measurements in the laminar 
boundary layer induced by a traveling shock wave 
in a shock tube. Tests were conducted at a Mach 
number of 1.58 so that the data could be compared 
with the exact theoretical solution tabulated by 
Mirels. The data obtained are in good agreement 
with the theory if the distance of the light beam 
above the floor of the shock tube is adjusted to fit 
the theoretical curve; this would not be necessary 
if a larger shock tube were used. It is shown that 
this technique is sensitive enough to detect changes 
in density that are only 0.006% of atmospheric den- 
sity. 


DESIGN AND OPERATION OF A CONTINUOUS- 
FLOW HYPERSONIC WIND TUNNEL USING A 


TWO-DIMENSIONAL NOZZLE. H. M. Schurmeier. 


NATO AGARDograph 38, May, 1959. 156 pp. 102 
refs. Presentation of the summarized wind-tunnel 
design and operation experience accumulated at 
the JPL, concerning, particularly, the design of 
the hypersonic tunnel which will operate in the 
Mach number range of 5 to 9, with 2l-in. by 21-in. 
test section and a two-dimensional nozzle. The 
main feature that distinguishes this tunnel from 
the conventional supersonic tunnels is that the air 
is heated before expansion in the nozzle to prevent 
air liquefaction in the test section. The other im- 
portant difference is that considerably higher sup- 
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ply pressures are required to provide a reasonable 
unit Reynolds number and to avoid very low test 
section pressures which would require special in- 
strumentation. The solution to these problems is 
discussed in some detail. Covered are such as- 
pects as the tunnel uses and limitations; air supply 
- compréssor plant, air heater, and shakedown 
operations; tunnel data including nozzle contour 
design, boundary layer estimation, diffuser aero- 
dynamic design, cooling, mechanical design, and 
seals; instrumentation comprising calibration e- 
quipment, model support, force balances, manom- 
eters, schlieren system, heat transfer equipment, 
and data handling; and the design, operation, and 
performance of a scale model tunnel which is rep- 
resentative of the 2] in. hypersonic wind tunnel in 
all important mechanical and aerodynamic aspects, 


STRUCTURES 


STRUCTURAL ANALYSIS OF MULTI-HINGED 
CONTROL SURFACES. Appendix A - CONTINUOUS 
BEAM ON INDEPENDENTLY FLEXIBLE SUP- 
PORTS. Appendix B - BEAM SUPPORTED BY A 
FLEXIBLE STRUCTURE. Appendix C - DETER- 
MINATION OF SUPPORT FLEXIBILITY BY MEANS 
OF INFLUENCE FUNCTIONS. Appendix D - FLEX- 
IBILITY OF A COMPOSITE STRUCTURE. E. 
Kosko. Canada, NRC Aero. Rep. LR-276, Mar., 
1960. 160 pp. Presentation of an elastic small- 
deflection analysis of a control surface supported 
on a structure by means of three or more hinges. 
Effects of sympathetic flexure, of local bracket 
flexibility, and of angular deflection are taken into 
account. The existence is shown of an elastic hinge 
moment, quadratically dependent on the external 
loading. Application of the method is illustrated 
by numerical examples, which show that some 
secondary effects may become more critical than 
those of direct loading. 


Cylinders & Shells 


ANALYSIS OF FRAME-REINFORCED CYLIN- 
DRICAL SHELLS. I - BASIC THEORY, [I - DIS- 
CONTINUITIES OF CIRCUMFERENTIAL- BENDING 
STIFFNESS IN THE AXIAL DIRECTION, Ii - AP- 
PLICATIONS. R. H. MacNeal and J. A. Bailie. 
US, NASA TN D-400; TN D-401; TN D-402, May, 
1960. 57; 48; 136 pp. 12 refs. OTS, $1.50; $1.25; 
$2.75. I - Analysis of the state of stress in and 
near a reinforced frame subjected to concentrated 
loads and moments, and supported in a circular 
cylindrical shell, The theoretical approach ena- 
bles tables of coefficients for the calculation of 
loads per in. in the shell, as well as loads and 
deflections in the frame, to be evaluated using a 
digital computer. II - The stress distribution in, 
and adjacent to, an externally loaded frame in a 
cylindrical shell is extended to include the effects 
of discontinuities of circumferential-bending stiff- 
ness in the axial direction. Such problems can be 
solved with the aid of a "transmission" matrix 
for a finite length of shell. A complete derivation 
for the elements of this matrix is given; it defines 
force-displacement relationships at the ends of 
the finite length of shell. III - Presentation of 
tables giving the loads and displacements in a flex- 
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ible frame supported by a circular cylindrical 
shell and subjected to concentrated radial, tangen- 
tial, and moment loads, Additional tables give the 
loads in the shell. 


CYLINDRICAL SANDWICH CONSTRUCTION 
DESIGN. Sidney Allinikov. USAF WADD TR 60- 
133, Feb., 1960. 276 pp. 14 refs. Presentation 
of a linear solution for the determination of the 
loads under which a cylindrical sandwich shell will 
buckle. The facings of the sandwich cylinder are 
treated as cylindrical shells and the core as an 
orthotropic elastic body. The method of solution 
is of interest in that it is of sufficient generality 
to be applied to many problems in sandwich analy- 
sis. The characteristic determinant that repres- 
ents the solution to the problem is solved numeri- 
cally. Curves which show how the buckling load 
changes as the parameters of the problem change 
are given. 


STRESS ANALYSIS OF THIN-WALLED STRUC- 
TURES WITH FLEXIBLE RING STIFFENERS, 
SUBJECTED TO CONCENTRATED LOADS. An- 
drzej Jaworski. Arch, Budowy Maszyn, No. 2, 
1960, pp. 151-197. Presentation of a computation 
procedure which represents the interaction between 
the rings and the shell in the form of a Fourier 
series. The values of the amplitudes of the zero 
and first harmonics of the series are determined 
from the equilibrium conditions. The values of the 
remaining amplitudes, which are statically indeter- 
minate quantities, are found from the Maxwell- 
Mohr equations. The application of the method of 
group unknowns, leading to five-term equations, 
enables a considerable simplification of the comp 
tational procedure. 


ELASTIC INSTABILITY OF A CYLINDRICAL 
SHELL UNDER ARBITRARY CIRCUMFERENTIAL 
VARIATION OF AXIAL STRESS. P. P. Bijlaard 
and R. H. Gallagher. J. Aerospace Sci., Nov., 
1960, pp. 854-858, 866. 13 refs. USAF-sponsored 
investigation to determine the buckling stress of a 
cylindrical shell for various circumferential dis - 
tributions of axial stress. The development is 
based on small deflection theory, with finite differ- 
ence techniques being applied to derive the general 
form of the governing algebraic linear homogeneous 
equations. The equations are cast in both the de- 
terminant and matrix forms, the latter being suit- 
able for the commonly used matrix iteration solu- 
tion. Numerical results are obtained by means of 
a high-speed digital computer for cases wherein 
the stress distribution is described by 32 circum- 
ferential elements. It is found that the buckling 
stress for pure bending, and for more complicated 
circumferential stress distributions as well, is 
not much higher than for uniform axial compres- 
sion, Cases are indicated where small deflection 
theory is directly applicable. 


Elasticity & Plasticity 


A THEORY OF ELASTIC, PLASTIC, AND 
CREEP DEFORMATIONS OF AN INITIALLY ISO- 
TROPIC MATERIAL. J. F. Besseling. Stanford 
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U. Dept. Aero. Eng. SUDAER 78 (AFOSR TN 60- 
384), Dec., 1959. 36 pp. 10 refs. Presentation 
of stress-strain relations for an initially isotropic 
material, which is macroscopically homogeneous, 
but inhomogeneous on a microscopic scale. If the 
condition is imposed that all subelements of an 
element of volume are subjected to the same total 
strain, it is demonstrated that the inelastic stress- 
strain relations of the material show anisotropic 
strain-hardening, creep recovery, and primary 
and secondary creep due to the nonuniform energy 
dissipation in deformation of the subelements. 
Only quasi-static deformations under isothermal 
conditions are considered. 


EFFECT OF BOUNDARIES ON WAVES IN A 
THERMOELASTIC SOLID: REFLEXION OF 
PLANE WAVES FROM A PLANE BOUNDARY. 

H. Deresiewicz. J. Mech. & Phys. Solids, Aug., 
1960, pp. 164-172. Analysis considering the phe- 
nomena resulting from the incidence of plane ther- 
moelastic waves on a plane, traction-free, ther- 
mally radiating boundary. It is found that an ob- 
liquely incident dilatational wave of either kind 
generates reflected waves of all three kinds, each 
of which (shear wave included) being dissipative 
and dispersive, the amplitudes diminishing with 
displacement normal as well as parallel to the 
boundary. An obliquely incident shear wave also 
gives rise to reflected waves of all three kinds, of 
which the shear wave, however, remains elastic, 
and the amplitude attenuation of the reflected elas- 
tic and thermal waves takes place only for displace- 
ment normal to the boundary. 


Fatigue 


TRAVELLING CRACKS IN ELASTIC MATERI- 
ALS UNDER LONGITUDINAL SHEAR. F. A. Mc- 
Clintock andS. P. Sukhatme. J. Mech. & Phys. Sol- 
ids, Aug., 1960, pp. 187-193. USAF-supported ex- 
tension of a solution for the stress field around the 
tip of a crack subjected to longitudinal shear and 
traveling with constant velocity in an elastic me- 
dium to the tensile case. As in the case oftensile 
cracks, the applied stress required for constant 
velocity is lower for higher crack velocity, and 
there is a critical velocity approximately 0.6 times 
that of the shear wave velocity above which the 
crack will branch. Similar stress levels are found 
using two different fracture criteria: the Griffith 
energy criterion and the criterion of critical shear 
strain averaged over a critical area. 


SOME KINETIC CONSIDERATIONS OF THE 
GRIFFITH CRITERION FOR FRACTURE. I - E- 
QUATIONS OF MOTION AT CONSTANT FORCE. 

II - EQUATIONS OF MOTION AT CONSTANT DE- 
FORMATION. J. P. Berry. J. Mech. & Phys. 
Solids, Aug., 1960, pp. 194-216. 10 refs. Deriva- 
tion of the equations of motion, without reference to 
the criterion for fracture, and determination of the 
effect of the approaching Griffith condition by ad- 
justment of a dimensionless parameter. It is con- 
cluded that the details of the motion of the crack 
are determined by the stress condition existing at 
the point of fracture, and that the observed critical 
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stress is grater than that given by the Griffith cri- 
terion. The equations of motion for cracks in ten- 
sile and cleavage samples are then derived, assum- 
ing that the deformation of the sample is maintain- 
ed constant after the critical condition for fracture 
has been attained. It is shown that the behavior 

of cracks in tensile samples depends on their initial 
size and that large cracks are more stable than 
small cracks. 


Plates 


A SIMPLE METHOD OF MATRIC STRUCTURAL 
ANALYSIS. V - STRUCTURES CONTAINING 
PLATE ELEMENTS OF ARBITRARY SHAPE AND 
THICKNESS. Bertram Klein. J. Aerospace Sci., 
Nov., 1960, pp. 859-866. Analysis using basic e- 
quilibrium and force-displacement equations, most 
of which contain definite integrals. The plate ele- 
ments may be of any shape, have any thickness 
variation, and the stresses in the elements may 
vary in a complex pattern. There need not be any 
edge members attached to the plates. Since, in 
general, the shapes and thickness of the plate ele- 
ments are arbitrary, a simple numerical integra- 
tion scheme is used to evaluate these integrals. 
Numerous numerical examples are worked out to 
illustrate the mechanics of the method and the ac- 
curacy attainable. 


PLASTIC INTERACTION CURVES FOR ANNU- 
LAR PLATES IN TENSION AND BENDING. P. G. 
Hodge, Jr., and R. Sankaranarayanan. J. Mech. 
& Phys. Solids, Aug., 1960, pp. 153-163. ONR- 
sponsored analysis to determine the maximum load- 
carrying capacity of an annular plate acted upon by 
a uniform normal load over its surface and a con- 
stant tensile load around its outer edge. The ma- 
terial is rigid/plastic and satisfies the Tresca yield 
condition of maximum shearing stress with its as- 
sociated plastic potential flow law. Elementary 
solutions are given for pure bending and pure ten- 
sion, and the closed bounds for the interaction 
curve of combined bending and tension are estab- 
lished. Other possible conditions are considered 
and general formulas are obtained for the interac- 
tion curve bounds. 


PLASTIC BENDING OF A WORK-HARDENING 
CIRCULAR PLATE WITH CLAMPED EDGE, Chin 
tsun Hwang. J. Aerospace Sci., Nov., 1960, pp. 
815-820, 840. ‘Study of the plastic bending of a 
rigid, work-hardening circular plate with clamped 
edge and under distributed transverse load. The 
plate material is assumed to follow the yield condi- 
tion of von Mises and to harden isotropically. The 
incremental stress-strain law is used. The pos- 
sibility of partial unloading of the plate material 
during the loading cycle is investigated. The prob 
lem is represented as two sets of two simultaneous 
differential equations corresponding to the loading 
and unloading portions of the plate material, which 
are solved using a digital computer. 


AN ELECTRICAL ANALOGUE SOLUTION FOR 
THE STRESSES NEAR A CRACK OR HOLE IN A 
FLAT PLATE. Appendix - CALCULATION OF 
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DIRECT AND SHEARING STRESSES FROM THE 
STRESS FUNCTION. S. C. Redshaw and K. R. 
Rushton. J. Mech. & Phys. Solids, Aug., 1960, 
pp. 173-186. Application of an electric analog 
method to solve the biharmonic equation that is 
used to determine the elastic stresses near acrack, 
Problems concerning both simply and multiply con 
nected regions are solved by the method and, where 
a comparison between the experimental results 

and existing analytical solutions is possible, the 
agreement is good. The advantages and limitations 
of the method are discussed, and the desirability 
of extending the method for the determination of 
the stresses after plastic yielding has occurred, 

is emphasized. 


PASMO PLYTOWE Z ZEBRAMI JEDNOSTRON- 
NYMI. Ryszard Ganowicz. Rozprawy Inzynierskie, 
No. 2, 1960, pp. 323-342. ll refs. In Polish, with 
summaries in English and Russian. Analysis to 
determine the mechanical values for a freely sup- 
ported plate strip strengthened by ribs on one side, 
The solution is obtained with the assumptions and 
on the basis of the relations obtained by Pfltiger. 

A system of three equations for the displacements 
u, v, w of a point of the middle surface is reduced 
to one equation for the displacement function. As- 
suming the solution in the form of a trigonometric 
series, expressions are obtained which can be 
written in closed form. A numerical example is 
worked out and the results are compared with those 
from model tests, showing good agreement with 
the theoretical solution. 


DESIGN CHARTS FOR TRANSIENT TEMPERA- 
TURE AND THERMAL STRESS DISTRIBUTIONS 
IN THERMALLY THICK PLATES. J. S. Przemie 
niecki. Aero. Quart., Aug., 1960, pp. 269-284. 
Analysis of plates with an arbitrary variation of 
the heat transfer coefficient and the adiabatic wall 
temperature of the boundary layer. The method is 
based on repetitive applications of the exact ana- 
lytical solution to a unit triangular variation of the 
adiabatic wall temperature and a constant heat 
transfer coefficient. The actual variation of the 
adiabatic wall temperature is represented as a se- 
ries of straight lines, while the heattransfer coef- 
ficient is approximated by a step function. The 
temperature distribution through the plate is sepa- 
rated into linear and "self-equilibrating" tempera- 
ture distributions to facilitate thermal stress cal- 
culations; these distributions are presented graph- 
ically. 


Plates With Holes 


ANALYSIS OF STRESS CONCENTRATIONS AT 
REINFORCED HOLES IN INFINITE SHEETS, W. 
H. Wittrick. Aero. Quart., Aug., 1960, pp. 233- 
247. Derivation of equations for a wide range of 
holes of practical importance, including circles, 
ellipses, and squares, triangles, and rectangles 
with rounded corners. Two loading cases are 
treated: the first corresponds to uniform tensions 
at infinity in directions parallel and perpendicular 
to the axis of symmetry of the hole, and the second 
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to uniform shear at infinity in these directions. 
Superposition of these basic loading cases enables 
the stresses to be determined for any uniform 
state of stress at infinity. 


Thermal Stress 


HEAT CONDUCTION AND THERMAL STRESS- 
ES IN A SOLID HAVING UNEQUAL SPECIFIC 
HEATS. E. W. Parkes. Stanford U. Dept. Aero. 
Eng. SUDAER 90 (AFOSR TN 60-320), Feb., 1960. 
23 pp. Study of the problem of separation for the 
heat conduction and stressing problems in thermo- 
elastic analyses. This division can only be justi- 
fied if the specific heat at zero stress for the ma- 
terial is closely equal to that at zero strain. An 
analysis is made of the transient temperature dis- 
tribution and thermal stresses in a solid subjected 
to one-dimensional heat flow and various kinds of 
stress-inducing restraints, when the specific heats 
are unequal. Allowance is made for the stress 
terms in the heat conduction equation (which are 
ignored when the analysis is divided) and for the 
variation of specific heat with temperature. It is 
concluded that the errors introduced by the conven- 
tional approach, although not entirely negligible, 
are not such as to justify the labor involved in the 
more correct analysis. 


THERMODYNAMICS 


Combustion 


SOME CONTRIBUTIONS TO LAMINAR FLAME 
THEORY. Gregorio Millan and Ignacio Da Riva. 
2nd ICAS Congr., Zurich, Sept. 12--16, 1960, Pre- 
print. 23 pp. USAF-sponsored analysis of a sim- 
plified flame model with two unique chemical spe- 
cies, reactants and products. The effect of the 
diffusion, as well as theinfluence ofthe concentra- 
tion in the reaction rate, are takeninto account, but 
not that of activation energy. Three cases are 
considered, the first being heat loss localized at 
the stabilizer. It is shown that the two velocities 
of Hirschfelder reduce to only one by means of a 
choice of an adequate parameter; the apparent con- 
tradiction between Spalding's experimental results 
and the theoretical conclusions is pointed out. For 
flames with distributed heat losses, the two veloci- 
ties of Spalding reduce to only one by varying 
slightly the boundary conditions at the hot limit, 
both when an ignition temperature at the cold bound- 
ary is assumed, as well as when the porous stabi- 
lizer of Hirschfelder is used. Finally, the effect 
of a dilution of the mixture produced by the lateral 
diffusion of the active species is considered. 


UNTERSUCHUNGEN UBER DEN MASSENAUS- 
TAUSCH HINTER FLAMMENHALTERN, Gert 
Winterfeld. (WGL Meeting, Hamburg, Oct. 16, 
1959.) ZFW, Aug., 1960, pp. 219-225. In German. 
Study of the mass transport processes between the 
inner and outer flow behind bluff body flameholders. 
A method of deadbeat measurement is developed 
which permits the determination of the mean resi- 
dence time of the gas particles in the recirculation 
zone by measuring the concentration of a test gas 
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blown into the wake of the bluff body. Tests were 
done in cold flow and covered circular plates and 
cones of different cone angles. The results are in 
agreement with an equation containing the residence 
time, velocity of flow from initial direction, and 
the dimension of the bluff body. Further influences 
to be taken into consideration are the shape of the 
bluff body, the blockage ratio, the Reynolds num- 
ber, and the turbulence of flow from initial direc- 
tion. 


RICERCHE SULLA STABILIZZAZIONE DELLE 
FIAMME IN CORRENTI AD ALTA VELOCITA, 
Il. Federico Filippi, Laura Fabbrovich-Mazza, 
and Salvatore Calandrino. (16th Natl. Aero. 
Congr., Pisa, Oct. 5--8, 1959.) L'Aerotecnica, 
Feb., 1960, pp. 25-33. 16 refs. In Italian. De- 
scription of an investigation to determine the pos- 
sibility of extending the stability limits of bluff- 
body flame holders. Small amounts of auxiliary 
gases (methane, propane, air, nitrogen) were in- 
jected through a single 5-mm. rod flame holder in 
a two-dimensional burner supplied by premixed 
methane/air and propane/air mixtures. The re- 
sults show that the injection of fuel shifts the sta- 
bility limits toward leaner mixtures, while the in- 
jection of air shifts these limits toward richer 
mixtures. With fuel injection, the maximum blow- 
off velocity decreases with increasing injection 
rates. An extension of the current Zukoski hypoth- 
esis is proposed. 


CONTRIBUTION A L'ETUDE DE LA COMBUS- 
TION DANS LES FUSEES A LITHERGOL OU HY- 
BRIDES. André Moutet and Marcel Barrére, 2nd 
ICAS Congr., Zurich, Sept. 12-16, 1960, Preprint. 
33 pp. 16 refs. In French. Study of the combus- 
tion of solid hypergolic fuels in the presence of a 
liquid oxidizer injected into the chamber. The an- 
alyzed phenomena are related to the ignition, steady 
burning, and combustion stability. The ignition is 
studied by means of special devices which measure 
the ignition delay evaluated as function of the na- 
ture of the fuel and the oxidizer. The steady re- 
gime is characterized by the value of the ablation 
rate of the solid fuel in a hot oxidizing flow. This 
ablation rate is evaluated as function of the engine 
working parameters, and the obtained laws explain 
the operating principles of hybrid rockets. Also 
included is a study of the stability of such asystem, 


Heat Transfer 


THE STEADY AND TRANSIENT FREE CON- 
VECTION BOUNDARY LAYER ON A UNIFORMLY 
HEATED VERTICAL PLATE, R. J. Goldstein 
and E, R. G. Eckert. Internatl. J. Heat & Mass 
Transfer, Aug., 1960, pp. 208-218. 14 refs. Ap- 
plication of a Zehnder-Mach interferometer to 
study the thermal boundary layer of a plate im- 
mersed in water. The steady state boundary layer, 
as well as its transient development from an initial 
state at rest and with uniform temperature to 
steady state condition, was investigated when a 
step function in the power input to the plate was 
applied. Results for the steady state runs agree 
well with the results of an analysis by Sparrow and 
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Gregg. The transient runs indicate that the tem- 
perature field in the fluid develops in the same 
way as for heat conduction into a semi-infinite 
solid. After a short transition period, the steady 
state condition is reached. The boundary layer 
grows with time in such a way that it increases at 
first with increasing time, reaches amaximum, and 
decreases again until it settles to a steady state value. 


INFLUENCE COEFFICIENTS FOR RADIATION 
IN A CIRCULAR CYLINDER. E. W. Parkes. 
Stanford U. Dept. Aero. Eng. SUDAER 92 (AFOSR 
TN 60-415), Mar., 1960. 11 pp. Calculation of a 
table of influence coefficients from which the dis- 
tribution of absorbed radiation in a long circular 
cylinder having any distribution of emitted radiation 
can readily be determined. Lambert's law of dif- 
fuse emission and reflection is assumed, and the 
coefficient of absorptivity is supposed constant. A 
table of functions for the distribution of reflected 
radiation after each reflection up to the tenth is 
also given, so that the results can be compared 
with non-Lambertian systems. 


APPLICATION OF VARIATIONAL METHODS 
TO THE THERMAL ENTRANCE REGION OF 
DUCTS. E. M. Sparrow and R. Siegel. Internatl. 
J. Heat & Mass Transfer, Aug., 1960, pp. 161-172. 
13 refs. Presentation of a variational method for 
solving eigenvalue problems that arise in connec- 
tion with the analysis of convective heat transfer 
in the entrance region of ducts. Consideration is 
given to both situations where the temperature pro- 
file depends upon one cross-sectional coordinate 
(circular tube) or upon two cross-sectional coordi- 
nates (rectangular duct). The variational method 
is illustrated and verified by application to laminar 
heat transfer in a circular tube and a parallel- 
plate channel, and good agreement with existing 
numerical solutions is attained. Then, application 
is made to laminar heat transfer in a square duct. 


VTOL & STOL 


LES TROMPES APPLIQUEES AU VOL VERTI- 
CAL, VERS L'AILE-TROMPE, Jean Bertin. 
Tech. & Sci. Aéronautiques, Mar.-Apr., 1960, 
pp. 79-91. In French. Discussion of the general 
characteristics of the jet effect and derivation of 
the important parameters, particularly those giving 
lift effects. These effects are considered for ap- 
plication to flying platforms and to configurations 
incorporating the jet in a wing structure together 
with deflecting flaps. The jet used for vertical 
flight is compared with other lifting systems. 


WIND-TUNNEL TESTS OF A CIRCULAR WING 
WITH AN ANNULAR NOZZLE IN PROXIMITY TO 
THE GROUND. R. K. Greif, M. W. Kelly, and 
W.H. Tolhurst, Jr. US, NASA TN D-317, May, 1960. 
37pp. OTS, $1.00. Investigation to determine the ef- 
fects of forward speed and ground proximity on the 
vertical thrust of an annular nozzle exhausting from 
the lower surface of a thin circular wing. Lift, 
drag, and pitching moment data are presented with 
nozzle airflow over a range of altitude, nozzle 
pressure ratio, free-stream dynamic pressure, 
and wing angle of attack, Pressure distributions 
on the wing lower surface and on the ground are 
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also included. The results from tests at zero for. 
ward speed show that the model experienced thrust 
augmentation near the ground. The effect of the 
forward speed on vertical thrust depended on the 
distance of the nozzle from the ground. Near the 
ground, forward speed could increase or decrease 
the thrust, depending on the conditions of altitude, 
forward speed, and jet momentum considered, Far 
from the ground, the effect of forward speed was 
favorable and always increased thrust. With the 
moment center located at the center of the wing, 
this configuration was statically unstable longitudi- 
nally for all conditions of altitude and forward speed 


AN EXAMINATION OF HANDLING QUALITIES 


CRITERIA FOR V/STOL AIRCRAFT. S. B. Ander 


son. US, NASA TN D-331, July, 1960. 51 pp. 27 
refs, OTS, $1.50. Study to define handling quali- 
ties criteria for V/STOL aircraft, With the current 
military requirements for airplanes and helicopters 
as a framework, modifications and additions have 
been made for conversion to V/STOL requirements 
using flight results and pilots comments from a 
limited number of VTOL and STOL aircraft, BLC 
equipped aircraft, and flight simulators. Also 
included is a discussion of the reasoning behind 
suggested V/STOL requirements and of the areas 
where existing information is inadequate and further 
research is required. 


WIND-TUNNEL INVESTIGATION OF A SMALL- 
SCALE MODEL OF AN AERIAL VEHICLE SUP- 
PORTED BY DUCTED FANS. L. P. Parlett. US, 
NASA TN D-377, May, 1960. 24 pp. OTS, $0.75. 
Investigation of the longitudinal-stability and pitch 
ing moment characteristics, and the power re- 
quirements of asimplified model of an aerial vehi- 
cle supported by ducted fans. The model has two 
ducted fans, both fixed with respect to the airframe 
with their axes of revolution vertical for hovering 
flight. Tests on the basic model in the tandem 
and side-by-side configurations indicated that the 
pitching moment and tilt angle required for trim 
at forward speeds were undesirably large, Turning 
vanes placed in the slipstream of the forward duct 
of the tandem configuration reduced both the pitch- 
ing moment and tilt angle, but probably increased 
the power required, 


INVESTIGATION OF THE AERODYNAMIC 
CHARACTERISTICS OF A COMBINATION JET- 
FLAP AND DEFLECTED-SLIPSTREAM CONFIGU 
RATION AT ZERO AND LOW FORWARD SPEEDS, 
K. P. Spreemann and E, E. Davenport. US, NASA 
TN D-363, May, 1960. 72 pp. OTS, $2.00. In- 
vestigation undertaken to provide data useful in 
analyzing the manner in which augmentations may 
combine at low forward speeds and the effect of 
ground proximity. The aerodynamic characteris- 
tics of a semispan wing equipped with a 38.5%-~- 
chord sliding flap partially immersed in the slip- 
stream of two propellers are studied. A jet ofair 
was ejected over the knee of the flap through a 
momentum-coefficient range from zero to about 
1,0, It is noted that large losses in lift were en- 
countered at low forward speeds for values obtain- 
ed within ground proximity compared with values 
obtained out of ground proximity. 
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the 7,135 to 7,985 mc. frequency range and relays 
radar search and surveillance data by a narrow 
microwave beam, virtually eliminating inter- 
ception by an enemy. 

O Pomekhoustoichivosti Raznostno-Diskret- 
nogo Metoda Peredachi Informatsii. V. M. 
Baikovskii. Avtom. i Telemekh., Mar., 1960, 
pp. 344-358. In Russian. Study of the poten- 
tial noise stability of incremental coding and 
comparison with the noise stability of pulse-code 
and delta modulation. 

Pomekhoustoichivost’ Chastotnoi Teleizmeri- 
tel’noi Sistemy pri Slabykh Impul’snykh Pome- 
khakh. Iu. I. Chugin. Avtom. i Telemekh., 
Jan., 1960, pp. 93-105. In Russian. Study of 
the effect of weak pulse interferences of arbitrary 
duration on a frequency receiver, and application 
of analytical results to calculate the noise stability 
of frequency telemetering system. 


Transmission Lines 


Coupled Leaky Waveguides. IJ—Two Parallel 
Slits in a Cylinder. S. Nishida. JRE Trans., 
AP Ser., July, 1960, pp. 354-360. USAF- 
sponsored research. 


Wave Theory 


Some ELF Phenomena. E. T. Pierce. (Conf. 
on Prepagaticn cf ELF Radio Waves, Boulder, 
Jan. 25, 1960.) J. Res., Sect. D - RP, July- 
Aug., 1960, pp. 383-386. 13 refs. Discussion of 
properties of the electric and magnetic fields 
in natural extremely low frequency (ELF) 
phenomena. The ELF fluctuations in the 
electric field are then treated from two aspects: 
(1) the electromagnetic changes associated with 
atmospherics and (2) the electrostatic variations 
in atmospheric electricity. 

Natural Electromagnetic Energy Below the 
ELF Range. J. H. Campbell. (Conf. on 
Propagation of ELF Radio Waves, Boulder, 
Jan. 25, 1960.) J. Res., Sect. D- RP, July--Aug., 
1960, pp. 409-411. 10 refs. Review of some 
studies on the characteristics of natural electro- 
magnetic fields which are encountered as measure- 
ments are made to frequencies lower than those 
dominated by the sterics slow tails. In par- 
ticular, magnetic field oscillations with periods of 
5 to 30 sec. are discussed. Experimental data 
and new development in the relation of magnetic 
field micropulsations to the pulsating aurora 
are presented. 

Possible Application of the System Loss Con- 
ceptat ELF. K.A. Norton. (Conf. on Propaga- 
tion of ELF Radio Waves, Boulder, Jan. 25, 
1960.) J. Res., Sect. D - RP, July—Aug., 1960, 
pp. 413, 414. Presentation of a brief description 
of the possible application of the system loss 
concept at extremely low frequencies. A method 
for allowing for the effect of external noise levels 
is outlined. 

The Compatibility Problem in Single-Sideband 
Transmission. K. H. Powers. IRE Proc., 
Aug., 1960, pp. 1431-1435. USAF-sponsored 
study of the relations that must hold between the 
envelope and the phase of a single-sideband wave. 
The study is made under the assumption of 
simultaneous amplitude and phase modulation of 
a carrier. 


Mode Theory and the Propagation of ELF 
Waves. J. R. Wait. (Conf. on Propagation 
of ELF Radio Waves, Boulder, Jan. 25, 1960.) 
J. Res., Sect. D - RP, July—Aug., 1960, pp. 387— 
404. 48 refs. Discussion of the mode theory of 
propagation of electromagnetic waves at ex- 
tremely low frequencies (ELF) (1.0 to 3,000 cps). 
The field is represented as a sum of modes, and 
approximate formulas are presented for the 
attenuation and phase constants. 


Rasprostranenie Zvukovykh i Infrazvukovykh 
Voln v Prirodnykh Volnovodakh na _ Bol’shie 
Rasstcianiia. L. Brekhovskikh. (3rd Internatl. 
Acous. Congr., Stuttgart, Sept., 1959.) Uspekhi 
Fiz. Nauk, Feb., 1960, pp. 351-360. 12 refs. 
In Russian. Discussion of the propagation over 
long distances of sound and infrasound waves in 
natural wave guides. Covered are acoustic 
wave guides in the ocean and in the atmosphere, 
as well as the variation in shape of the acoustic 
impulse. 


_Nelineinye Iavieniia v Plazme, Nakhodia- 

v Per Elektromagnitnom Pole. 
I, Il. V. L. Ginzburg and A. V. Gurevich. 
Uspekhi Fiz. Nauk, Feb.; Mar., 1960, pp. 201- 
246; 393-428. 133 refs. In Russian. Survey 
of the general theory of nonlinear effects in 
plasma surrounded by a variable electromagnetic 
field. The study covers the effect of a uniform 
electric field E = Ege? on the nonrelativistic and 
classical plasma, and the propagation of radio- 
waves in the ionosphere, taking into account the 
effect of nonlinearity, nonlinear interaction of 
modulated radiowaves (cross modulation), and 


experimental results on the cross modulation in 
the ionosphere. 


The Use of Polarization Fading of Satellite 
Signals to Study the Electron Content and 
Irregularities in the Ionosphere. C. G. Little 
and R. S. Lawrence. J. Res., Sect. D - RP, 
July-Aug., 1960, pp. 335-346. 15 refs. Pre- 
sentation ol a procedure for using the Faraday- 
rotation facing of a satellite radio signal to meas- 
ure the ionospheric electron content per unit 


COMPREHENSIVE INSTRUMENTATION 
by HOWELL INSTRUMENTS, INC. 


for the U. S. Army Signal Corps’ 
SWALLOW AN/USD-4 Surveillance Drone System 
produced by REPUBLIC AVIATION CORPORATION 
Missile System Division 


The basic BH183 AUTOTEMP™ is matched to 
the curves of a variety of transducers to measure 
the various phenomena occurring in the 
test models of the Republic SD-4 SwaLLow. 
Each BH183-series, 3’-diameter instrument is 
completely self-contained (miniaturized, silicon 
transistorized, servo-driven, hermetically sealed ) 
with Zener reference, power supply, amplifier, 
servo motor, cold junction compensation as 
needed and the 144-inch slidewire and punched 
tape to linearize e.m.f. for exact, counter-type 
digital readout. Needle pointers are provided for 
quick reference. Accuracies are within 0.1%. 


AUTOTEMP™ —The Instrument with the TAPE- 
SLIDEWIRE—is produced by the makers of the 
JETCAL® Analyzer, the only jet engine tester used 
throughout the world! 


Full information is available for the asking! 


Sales-Engineering Offices: 
ATLANTA, GA., COMPTON, CAL., DAYTON, OHIO, VALLEY STREAM, 
L.1., N.¥., WICHITA, KAN., TORONTO, ONT. (George Kelk Ltd.) 


MITCHAM, SURREY, ENGLAND (Bryans Aeroquipment Ltd.) % R.P.M. 


Y INSTRU: INC, 
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column up to the height of the satellite. Results 
based on observations of 1958 Delta 2 are pre- 
sented. 


Relation of Turbulence Theory to Seaeenness 
Forward Scatter Propagation Experiments. A. 
Wheelon. J. Res., Sect. D - July—Aug., ‘. 
1960, pp. 301-309. 32 refs. Study of the 
relation of turbulence theories to radio measure- 
ments on VHF ionospheric forward scatter cir- 
cuits. The single scattering description of the 
electromagnetic response of electron density 
irregularities and the corresponding transmission 
expression are evaluated. The several theories 
for turbulent mixing of the electron density are 
summarized. 


Equipment 


Water Vapor Pump Study. J. R. Malcolm. 
USAF WADC TR 59-254, Feb., 1960. 127 pp. 
Presentation of the results of an investigation to 
determine the feasibility of utilizing a water 
vapor pump to lower the vapor pressure of a 
water heat sink to obtain water boiling tempera- 
tures in the 40° to 70°F. and the 120° to 160°F. 
range, for application in aircraft covering the 
speed range from Mach 1.5 to 12 and altitude 
range from sea level to 150,000 ft. 


Electric 


L’Equipement Electrique du Boeing 707. 
II. H. Lanoy. Docaéro, May, 1960, pp. 39-52. 
In French. Detailed description of the electric 
equipment of the Boeing 707 jet transport, in- 
cluding the grouping of alternators and coupling 
by busbars, control of a.c. distribution, and d.c. 
systems, as well as systems for power supply from 
external sources. 


New Solenoids Take 2000 g, 1850 deg F. 
Space/Aeronautics July, 1960, pp. 91, 92, 94, 
96, 98. Discussion of the problems encountered 
and the solutions found in the design of a solenoid 
which can withstand accelerations of 2,000 ¢ 
without shaft rotation and still work afterwards, 
and in the design of a solenoid which can perform 
poy despite shaft temperatures as high as 


Hydraulic & Pneumatic 


Verschied Auslegungsmoglichkeiten bei 
Hydraulikanlagen. A. Mesthé. Lu/ftfahrttechnik, 
June 10, 1960, pp. 181-184. In German. Survey 
of fundamental principles of aircraft hydraulic 
circuits, and discussion of various solutions offered 
for the operation of main aircraft elements, such 
as landing gear, brakes, steering system for 
taxiing, flaps, equipment used when on the 
ground, and servocontrols. 


Fuels & Lubricants 


Fuel Qualities for High Performance Air- 
craft. R. I. Oza. Aero. Soc. India J., Feb 
1960, pp. 13-16. Discussion of the jet fuel 
family presently used commercially, including a 
comparison of their respective characteristics, 
and a study of the requirements for fuels which 
are to be used in engines which fly in the region 
of Mach 3-5. For this type of engine, the satu- 
rated cyclic hydrocarbons are seen as the most 
satisfactory solution with respect to high hydro- 
carbon ratio, thermal stability, low temperature 
properties, vapor pressure, density, availability, 
and economy. 


Tests New Solid 

. J. Bulban. Av. Week & Space Tech., 8, 
196), pp. 80-85. Discussion of the 
teristics of the new carboxy-terminated linear 
polybutadiene Flexadyne propellants, of some 
solid rocket motor research programs, and some 
metalworking techniques which play a part in 
these programs. 


Polymer Chemistry Leads to Advanced Solid 
Propellants. Thickol Astronaut, No. 1, 1960, 
pp. 14-16. Presentation of data on the newly 
developed and currently tested C-12 polysulfide 
fuel binder which displays superior properties of 
low temperature flexibility and resistance to 
ageing at high temperature, 


Fluorine Solid Propellants. — Milton Farber. 
Astronautics, Aug., 1960, pp. 40, 42. Dis- 
cussion of the fundamentals of solid propulsion 
and of the properties of fluorocarbons and fluoro- 
hydrocarbons as propellants. 


Gliders 


Some Notes on Seeking New Methods of 
Sailplane Lift-Drag-Curve Measuring. Vlastimil 
Pokorny. (OSTIV 7th Coner., Leszno, Poland, 
June, 1958.) Schweizer Aero-Rev., Mar., 1960, 
pp. 189-192. 


Instruments 


Selection of Vacuum Gauges for Altitude 
Measurements. CEC Recordings, 2nd Quart., 
1960, pp. 19-21. Discussion of the various 
types of vacuum gages and the principles in- 
volved, including the McLeod, Pirani, thermo- 
couple, ionization, Philips (discharge), and 
radiation gages. Their application is also given. 
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Accelerometers 


Better Accelerometers Off the Shelf. R. J. 
Cohen. Pred. Eng., Sept. 5, 1960, pp. 54, 55, 
57. Discussion of the types, performance, and 
applications of the instruments for testing 
acceleration, vibration or shock, or for use as 
speed controls, remote leveling devices, and rota- 
tional balances. 


Flight Instruments 


Ein Funkhéhenmesser grosser Genauigkeit. 
A. Gayffier and R. Labrousse. Luftfahrttechnik, 
June 10, 1960, pp. 190-192. In German. Dis- 
cussion of the operating principles of the CSF 
radio altimeter AM 220 H, and description of the 
mode of operation of | its various stages along with 
design specifications. 


Flow Measuring Devices 


Capacitance Change Indicates Liquid Levels. 
a1. & reenwood. Electronics, Aug. 19, 1960, 
pp. 66,67. Presentation of the design of a liquid- 
level measuring system for calibrating turbine- 
type rate-of-flow meters. 


Gyroscopes 


On the Stability of a Gyroscopic System. 
I. Z. Pirogov. (Prikt. Mat. i Mekh., Nov.-Dec., 
1959, pp. 1134-1136.) PMM -A ppl. Math, & 
Mech., No. 6, 1959, pp. 1623-1626. Translation. 
Analysis using Liapunov’s second method to 
investigate the problem of stability of motion of 
a gyroscopic stabilizing system installed on a 
ship performing complex maneuvers. Roiten- 
berg’s method is used to construct Liapunov’s 
function for variation equations. 


Die Bewegungsgesetze des Raumkompasses. 
W. Bauersfeld. IJng.-Arch., vol. 27, No. 6, 1960, 
pp. 365-371. In German. Analysis of the 
behavior of a variant of Anschiitz’s directional 
gyro. It is shown that, theoretically, this gyro 
is completely insensitive to accelerations. 


Ustoichivost’ Giroskopa, Imeiushchego Ver- 
tikal’nuiu Os’ Vneshnego Kol’tsa, pri Uchete 
Sukhogo Treniia v Osiakh Podvesa. V. V. 
Krementulo. Prikl. Mat. i Mekh., May-June, 
1960, pp. 568-571. In Russian. Survey of 
previous calculations and study of the stability 
of a gyroscope for the case of vertical external- 
ring axis, taking into account the dry friction 
along the support axes 


Three-Axis Rate Gyro; Reliability Evaluation 
Techniques. J. A. Hogg and R. G. Stokely. 
Missile Des. & Devet., Aug., 1960, pp. 24, 25, 
53, 54. Discussion of the reliability evaluation 
techniques used on the Titan 3-axis rate gyro 
package. 


CRIG—A New Gyro for Autopilot Use in 
High-Speed Boats, Light Aircraft, Short-Range 
Missiles and Target Drones. Sahag Dardarian. 
Kearfott Tech. News Bul., May-June, 1960, pp. 
14-18. Presentation of the design features and 
principles of operation of the single degree of 
freedom gyro which senses and integrates rate by 
means of a capacitor. The output is a signal 
proportional to the sum of the attitude and rate. 

. 


Pressure Measuring Devices 


Design and Tests of Aerodynamic Static Pres- 
sure Compensators for Four Service Aircraft. 
F. O. Smetana. USAF WADC TR _ 59-383, 
May, 1959. 37 pp. Presentation of design 
considerations and test results for aerodynamic 
static pressure compensators suitable for nose 
boom mounting on four service aircraft. 


Stress & Strain Measuring Devices 


Measuring Strain to 1000°F. R. L. Hannah 
and A.M. Kinan. I/nstruments & Control Systems, 
July, 1960, pp. 1166-1168 Presentation of a 
method of compensating for the ‘‘apparent 
strain’’ signal caused by temperature changes. 


Laws & Regulations 


The Air Carrier’s Liability in Cases of Un- 
known Cause of Damage in International Air 
Law. I. Finn Hjalsted. J. Air Law & Com- 
merce, Winter, 1960, pp. 1-28. 147 refs. Study 
of the air carrier's contractual as well as delictual 
liability in international air law in cases where 
the cause of damage remains completely or 
partially unknown. 


Machine Elements 


Bearings 


The Optimum Thrust Tilting-Pad Bearing. 
Leif Floberg. Cha!mers Tek. Hégskolas Hand- 
lingar, No. 231,1960. 23 pp. 10 refs. 


Measurement of Surface Waviness of Rolling- 
Element Bearing Parts. Olof Gustafsson and 
Ulrich Rimrott. SAE Summer Meeting, Chicago, 
June 5-10, 1960, Preprint 195C. 13 pp. Dis- 
cussion of the concept of waviness the influence 
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of waviness on the performance of the bearing, 
and methods of waviness testing and measuring. 

How to Predict Oscillation Life of Ball and 
Roller Bearings. Thomas Barish. Mach. Jes, 
Sept. 1, 1960, pp. 113-116. 


Ultra High Speed Ball Bearings; Their Selec- 
tion and Application. L. W. McKee. Missile 
Des. & Devel., Aug., 1960, pp. 18-20, 22, 23, 53. 
Discussion of the factors to be considered in the 
selection and application of bearings for service 
at speeds in excess of 600,000 DN (D = bore in 
mm., N = r.p.m.). 


The Two-Groove Journal Bearing, Considering 
Cavitation. Leif Floberg. Chalmers Tek. Hég- 
skolas Handlingar, No. 232, 1960. 32 pp. ll 
refs. 


Short Journal Bearings Subjected to Dynamic 
Loads. M. N. Ozdas. I/stanbul Tek. U. Bul., 
vol. 12, 1959, pp. 99-114. 12 refs. Analysis 
extending the short bearing theory to include the 
case of dynamically loaded bearings. Prelimi- 
nary results are included. 


Gears & Cams 


Rocket Motor Gear Tovoth Analysis (Hertzian 
Contact Stresses and Times). . K. Gatcombe 
and R. W. Prowell. (ASME Annual Meeting, 
Atlantic City, Nov. 29-Dec. 4, 1959, Paper 59- 
A-256.) ASME Trans., Ser. B - El, Aug. 
1960, pp. 223-229; Discussion, C. N. Epstein 
and J. K. Morris, pp. 229, 230. Navy-supported 
research. 


Maintenance 


Automatic Tester Keeps B-58 Mission-Ready. 
Kaprielyan. Aircraft & Missiles, Aug., 
1960, pp. 50-52. Discussion of Bendix’ mobile 
tape-controlled test set which checks the flight 
control system on a go-no-go basis in a few hours, 
isolating any malfunction to the smallest flight- 
line replaceable unit. 


The Repair of DC-8 Pneumatic Ducts. Douglas 
Serv., May-June, 1960, pp. 1-15. 


Producing Flying Hours by Planned Aircraft 
Maintenance. I. J. Gregory. SLAE J., May, 
1960, pp. 3-15. Discussion of the methods 
adopted by British European Airways to produce 
200,000 flying hours per year in the form of 
serviceable aircraft by means of a_ planned 
maintenance system. 


Materials 


Rocket-Motor Cases. I. F. J. Wilkinson and 
Cc. L. M. Cottrell. Aircraft Prod., Aug., 1960, 
pp. 313-319. 14 refs. Discussion of the me- 
chanical properties required for steels used in 
rocket-motor case manufacture. The effect of 
alloy additions in obtaining high-tensile strength 
is reviewed and some high-strength steels are 
described. The adverse effects on performance 
of sulphur, phosphorus, and other impurities 
present in the steel are discussed, with particular 
reference to weldability, impact strength, and 
ductility. 


Surface Effects on Materials in Near Space. 
F. J. Clauss. Aeros pace Engrg., Oct., 1960, 
pp. 16-19, 56, 58, 59, 62. 13 refs. Discussion 
of problems associated with the behavior of 
surfaces of materials in space, including passive 
temperature control, effect of space environment 
on surface stability, and wear and seizure of 
rubbing or sliding surfaces. 


Ceramics & Ceramals 


Refractory Inorganic Materials for Structural 
Applications. Appendix I—Thermal Shock 
Theories. Appendix II—State of the Art Survey 
on Foamed Ceramics. Appendix II1—Litera- 
ture Review. H. A. Pearl, J. M. Nowak, J.C 
Conti, and R. J. Urode. USAF WADC TR 
59-432, Feb., 1960. 142 pp. 97 refs. Study 
or 35 refractory material systems by means of 
room temperature modulus of rupture, impact, 
and thermal shock tests. 


Investigation of Sinterable Powders and 
Properties of Beryllia Ceramics. J. E. Johnson, 
A. K. Smalley, and W. H. Duckworth. USAF 
WADDTR 60-108, Apr., 1960. 19 pp. 


Corrosion & Protective Coatings 


Development of Protective Coatings for Re- 
fractory Metals. C.G. Goetzel, P.S. Venkatesa®, 
and R. F. Bunshah. USAF WADC TR 59-405, 
Feb., 1960. 50 pp. 44 refs. Investigation of 
the feasibility of protecting tungsten against 
oxidation at 1,650°C. (3,000°F.). A complex 
coating formed by diffusion from successive 
deposits of chromium, silicon, chromium, and 
rhodium, which protects tungsten wire against 
oxidation in stagnant of flowing air at tempera 
tures up to 1,650°C. for short periods of time, 
is discussed and experimental results are it- 
cluded. 


Protective Coatings for Refractory Metals. 
C. G. Bergeron, A. L. Friedberg, R. C. Anderso®, 
V. E. Bradford, D. M. Maroney, and R. W. Boll. 
USAF WADC TR 59-526, Jan., 1960. 44 ppP- 
Presentation of experimental! results 


45 refs. 
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Portrait of a Mach number 


Air blasting across an aerodynamic shape at Mach 2 (above, left) records its 
image on film. In private industry’s most extensive complex of wind tunnel 
installations, Boeing engineers and scientists are defining the shape of the 
future in supersonic and hypersonic flight. A new hypersonic tunnel, the 
nation’s largest privately owned facility of its kind, tests up to Mach 27. 

Boeing’s emphasis on research and development of future advances covers a 
wide variety of fields, including missiles, satellites, space vehicles, anti-sub- 
marine warfare systems, hydrofoils, commercial and military aircraft, gas tur- 
bine engines, electronics, communication, propulsion systems, vertical and 
short take-off and landing aircraft. 


Professional-Level Openings 


Expansion of advanced projects and systems 
management programs of the future has created 
openings at Boeing for professional specialists in 
scientific and engineering disciplines, and other, 
non-technical, areas of company activity. You'll 
find at Boeing a professional environment con- 
ducive to deeply rewarding achievement. Drop a 
note, mentioning degrees and major, to Mr. John 
C. Sanders, Boeing Airplane Company, P.O. 
Box 3822-AEH, Seattle 24, Washington. 


Divisions: Aero.Space * Transport * Wichita © Industrial Products « Vertol * Also, Boeing Scientific Research Laboratories Allied Research Associates, Inc.— a Boeing subsidiary 
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showing that oxygen-free atmospheres, but not 
high vacuum conditions, are required for the 
successful application of ceramic coatings on 
tungsten. Vitreous-bonded coatings consisting 
of zircon and low expansion refractory glass, 
combinations of silicide and vitreous-bonded 
coatings. SiO coatings, and flame-sprayed coat- 
ings are investigated. 

Corrosion of Superalloys by Selected Fused 
Salts. A. Moskowitz and L. Redmerski. USAF 
WADD TR 60-115, Mar., 1960. 75 pp. 32 
refs. Study of the corrosion of Inconel X, 
Inconel 702, Rene 41, M-252, and Haynes 25 by 
KCl and LiF at 1,600° to 1,900°F. Rankings 
for the alloys based on these tests are similar for 
uncoated and coated materials: Haynes 25, 
Rene 41, and M-252 best, Inconel 702 poorer, 
and Inconel X poorest. 

Cold-Curing Epoxy Finishes. G. A. M. Heath 
= J. B. G. Lewin. SLAE J., Apr., 1960, 

3-8. Comparative discussion of the charac- 
of epoxy/polyamide and epoxy/amine 
adduct finishes, including a presentation of the 
structure and synthesis and curing processes of 
epoxy resins. Relative merits of different curing 
agents are noted. 

Izuchenie Anodnykh Protsessov pri Korrozion- 
nom Rastreskivanii Metallov. N.D. Tomashov 
and N. I. Isaev. AN SSSR Dokl., May 11, 
1960, pp. 409-412. In Russian. Study of 
electrochemical factors in the corrosive cracking 
of metals. The experiments permit a quantita- 
tive evaluation of the anode process at any 
moment of the crack formation from its occurrence 
to the complete decay of the metal. 


OQ Mekhanizme Zashchity Magniia ot 
Okisleniia. M.S. Beletskii and M. I. Erusalim- 
skii. AN SSSR _ Dokil., June 11, 1960, pp. 
1122-1124. In Russian. Discussion of the 
mechanism of corrosion in magnesium and 
evaluation of various protective methods. 


High Temperature 


Spathasts of New High Temperature Materials. 
=. Engelke, F. A. Halden, and E. P. Farley. 
lisar WADC TR 59-654, Feb., 1960. 39 pp. 
25 refs. Investigation of a number of mixed 
transition metal carbides, borides, and nitrides in 
terms of melting point, structure, and oxidation 
resistance. A material with the composition 
MozBC, when heated in an air stream, is found 
to lose weight rapidly without loss of metallic 
character, suggesting its possible use as an ablation 
material. A cubic modification of hafnia in 
material sprayed from a plasma arc, having low 
coefficient of thermal expansion and high melting 
temperature, is presented. Included also is an 
ene shock technique for compound syn- 
thesis 


Determination of Emissivity and Reflectivity 
Data on Aircraft Structural Materials. I1I— 
Techniques for Measurement of Total Normal 
Emissivity, Normal Spectral Emissivity at 0.665 
Microns, Solar Absorptivity and Presentation of 
Results. O. H. Olson and J. C. Morris. USAF 
WADC TR 56-222, Pt. 111, Apr., 1960. 96 pp. 


Exploratory Investigation of Several Coated 
and Uncoated Metal, Refractory, and Graphite 
Models in a 3, 800°F. Stagnation Temperature 
Air Jet. O. F. Trout, Jr. U.S., NASA TN 
D-190, Feb., 1960. 73 pp. OTS, $2.00. Pre- 
sentation of the results of an investigation to 
determine the reaction of materials due to aero- 
dynamic heating. 


Blunt-Nosed Bodies in a High Temperature 

s Jet. F. R. Sedlund and C. C. Chang. 
Nature, Sept. 12,1959. 4 pp. Reprint. Presen- 
tation of test results demonstrating the properties 
of metals and plastics when used as thermal 
shielding materials. 


Investigation of Elastic and Thermal Properties 
of Carbon-Base Bodies. II. S. Mrozowski, 
J. F. Andrew, N. Juul, J. Okada, H. E. Strauss, 
and D. C. Wobschall USAF WADC TR 
58-360, Pt. II], Mar., 1960. 84 pp. 21 refs. 
Investigation of elastic moduli, permanent set, 
shrinkage and density, electric resistivity, and 
thermal expansion coefficient in relation to de- 
pendence on heat-treatment temperature. In 
addition, the variation of the heat conductivity 
and electrical resistivity on ambient tempera- 
ture in the range 1,200°-3,000°C. is studied. 


Pyrolytic Graphite Studied for Re-Entry. 
Michael Yaffee. Av. Week & Space Tech., 
July 25, 1960, pp. 26-28. Presentation of a new 
radiation heat shielding technique which may 
save weight and improve re-entry velocities and 
accuracies. The new approach is based on radia- 
tion rather than ablation or heat storage, and 
utilizes the properties of pyrolytic graphite. 
The structure of pyrolytic graphite, its applica- 
tion, and test results are studied. 

Ablation ABC’s. A. J. Zaehringer. Missile 

Des. & Devel., Aug., 1960, pp. 26, 28. Compara- 
tive discussion of the three cooling methods— 
heat-sink, ablation, and transpiration—including 
also the chemistry of the ablation process, as well 
as various ablation materials, their properties, 
methods of fabrication, and specific applications. 


Metals & Alloys 


Basic Studies Probe Metals’ Mechanical 
Properties. Space/ Aeronautics, Aug., 1960, pp. 


79, 80, 82, 86. 30 refs. Discussion of research 
on fundamental laws governing the mechanical 
properties of metals. Studies discussed cover 
fatigue, creep, and changes in the space lattice at 
atomic Jevel. 


The Tensile Properties of Some Engineering 
Materials at Moderate Rates of Strain. R. F. 
Steidel, Jr., and C. E. Makerov. ASTM Bul., 
July, 1960, pp. 57-64. Investigation to deter. 
mine more exactly the effect of strain rate on the 
dynamic strength of cold-rolled steel, six alumi- 
num alloys, six titanium alloys, uranium, and 
lead. Test results on all these materials are 
included. 


Opredelenie Vnutrennego Treniia Metallov. 
Iu. K. Favstov. AN SSSR Otd. Tekh. Nauk Izv. 
Metall. ¢ Toplivo, Mar.-Apr., 1960, pp. 140-143 
In Russian. Discussion of the phenomenon ot 
internal friction in metals establishing a method 
for comparing various experimentally obtained 
results. 


Fizika Prochnosti Kristallicheskikh Tel. R. I. 
Garber and I. A. Gindin. Uspekhi Fiz. Nauk, 
Jan., 1960, pp. 57-110. 223 refs. In Russian. 
Survey covering the basic physical concepts of 
the strength of crystalline bodies, the reasons 
behind the low strength of real materials, and 
fundamental methods for improving strength 
properties. 


Evaluation of Misaligned Butt-Welded A-286 
and Cr-Mo-V Sheet Material. D. E. Hacker and 
S. Weiss. (AWS 41st Annual Meeting, Los 
Angeles, Apr. 25-29, 1960.) Welding J., Aug., 
1960, pp. 797-801. Investigation to determine 
the relationship between the degree of mismatch 
and the resultant mechanical properties during 
the manufacture of large-diameter and complex 
jet-engine sheet components of advanced design. 


- Problem of the Mechanism of Fracture of 
Solid S. N. Zhurkov and A. V. Savitskii. 
aN “SSSR Dokl., Nov. 1, 1959, pp. 91-93.) 
Sov. Phys. - Dokl.. May-June, 1960, pp. 1330- 
1333. 19 refs. Translation. Investigation to 
check the diffusion theory of the growth of the 
cracks that lead to the rupture of a specimen. 
For this purpose, the temperature and time de- 
pendence of the strength is used to determine the 
activation energy Ue of the fracture process, 
which is then compared with values of the sub- 
limation and self-diffusion energies that have 
been determined by the method of radioactive 
indicators, 


Circular-Patch Test for Evaluating Armor 
Crack Susceptibility. L. E. Poteat and R. 
Jones. Welding J. Res. Suppl., Aug., 1960, 
pp. 357-s-364-s. 11 refs. Investigation to 
determine the suitability of the circular patch asa 
test of the susceptibility of base metal to cracking 
in welded joints of Ordnance armor-steel weld- 
ments. 


Research and Development on the Effects of 
High Pressure and Temperature on Various 
Elements and Binary Alloys. J. S. Harvey, 
L. Kaufman, S. A. Kulin, A. Leyenaar, and H. 
Udin. USAF WADC TR 59-655,.Apr., 1960. 
90 pp. 17 refs. Discussion of a device capable 
of generating a pressure of 100,000 atm. at a 
temperature of 1,500°C., and investigation of the 
effects of high hydrostatic pressure and high 
temperature on Fe-Ni, Al-Cu, and Cu-Be alloys, 
various steels, and Pt-C, Pd-C, and Ni-C systems. 


Viiianie Faktora Vremeni na Kharakter 
Diagrammy Sostav-Zharoprochnost’ Splavov Pia- 
tikomponentnoi Sistemy Ni-Cr-W-Ti-Al. I. 
Kornilov, L. I. Priakhina, and O. V. Ozhimkova. 
AN SSSR Dokl., June 11, 1960, pp. 1086-1089. 
In Russian. Determination of the influence of 
the time factor on the composition—heat-resist- 
ance diagram of alloys of the five-component 
Ni-Cr-W-Ti-Al system. 


Mechanical Properties of Selected Alloys at 
Elevated Temperatures. I. H. A. Pearl, G. F. 
Kappelt, and E. J. King USAF WADC TR 
59-702, Pt. I, Mar., 1960. 250 pp. Investiga- 
tion of six materials-in plate and bar form- 
subjected to tension, compression, bearing, and 
shear stresses at various temperatures after 
exposure times of '/2, 10, 100, and 1,000 hours at 
selected test temperatures. The materials 
studied and the temperature range of testing are: 
355 — R.T. — 1,000°F., PH15-7Mo — R.T. - 

1,000°F., HK31-H24 — R.T. — 600°F., A 286 - 
R.T. — 1,200°F., Udimet 500 — R.T. — 1,700°F., 
and Inconel X — ,000°F 


Developing Materials for the M = 3 Bristol 
188. The Aeroplane & Astronautics, Aug. 19, 
1960, pp. 216-219. (Also in Flight, Aug. 19, 
1960, pp. 268-270.) Discussion of the require- 
ments to be fulfilled by the stainless steel for 
Bristol 188 structure, including composition, 
fabrication, and application of the FV.448 steel. 


Vliianie Nizkikh Temperatur na Vid Izloma 
i Viazkost’ Stali. M.P. Braun. AN SSSR Otd. 
Tekh. Nauk Izv. Metall. i Toplivo, Mar.-Apr., 
1960, pp. 104-109. 11 refs. In Russian. In- 
vestigation of the change in viscosity and the 
type of fracture in steel tested at various tem- 
peratures ranging from + 100° to —100°C, 


A Note on the Relationship Between Chemical 
Composition and Hot-Cracking in Mild and Alloy 
Steels. W.K. B. Marshall. Brit. Welding J., 
July, 1960, pp. 451-453. 10 refs. Presentation 
of a possible explanation for hot-cracking in 
ferritic welds. 
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Metals & Alloys, Nonferrous 


Sur les Caractéristiques de Durcissemen: de 
Deux Alliages Al-Zn-Mg. R. Graf. La “ 
cherche Aéronautique, Mar.-Apr., 1960, pp. 37-39, 
In French. Analysis of hardening curves of 
AZ9GI1 and AZ7G3 alloys as function of the 
structure of these alloys. The optimum hariiness 
corresponds to a very fine dispersion of the 
MgZn:z precipitate; the hardness reversal remains 
always incomplete. 

Investigation of the Properties of Tantalum 
and Its Alloys. F. F. go W. D. Klopp, 
W. M. Albrecht, F. C. Hold H. R. Ogden, 
and R. I. Jaffee. USAF WADD TR 59-13, 
Mar., 1960. 152 pp. 53 refs. Study of the 
reactions of unalloyed tantalum with air, nitrogen, 
and oxygen. Vacuum sintering of high-purity 
and high-impurity-content tantalum powders 
is investigated to determine the conditions re. 
quired for purification, and the effects of alloying 
on the oxidation behavior of tantalum are deter- 
mined. Interstitials are studied for their effects 
on mechanical behavior at low and elevated 
temperatures. 


General Research in Flight Sciences— 
Mechanics of Deformable Bodies. VI—On 
Determining Biaxial-Stress Yield and Fracture 
Criteria for Hot Pressed Beryllium at Room and 
Elevated Temperature. R.F. Crawford. Lock- 
heed Aircraft Missiles & Space Div., vol. Il, 
TR LMSD-288139, Jan., 1960. 36 pp. Dis. 
cussion of classical yield and fracture criteria 
for hot-pressed beryllium. Classic yield and 
fracture criteria and their practical applications 
are reviewed for biaxial states of stress. Mechani- 
cal properties are discussed to show expected 
yield and fracture characteristics of beryllium in 
biaxial states of stress. 


Research on Techniques for the Production of 
Ultra-Pure Beryllium. Malcolm Basche and 
L. M. Schetky. USAF WADC TR 58-457, 
Pt. II, Mar., 1960. 48 pp. 18 refs. Investiga- 
tion of the feasibility of purification methods for 
beryllium. The following approaches are ex- 
amined: (a) zone purification in moderate and 
high vacuum, (b) distillation under high vacuum, 
and (c) purification through halide reduction 
techniques 


Investigation of Graphite Bodies. Appendix 
I—Investigation of Synthetic Binders by Differ- 
ential Thermal Analysis and _ Dilatometry. 
Appendix II—High Temperature Physical Prop- 
erties of Molded Graphites. Appendix III— 
Evaluation of a Tension Test for Brittle Materials. 
S. W. Bradstreet, L. M. Atlas, S. A. Bortz, H. H 
Lund, and H.H. Nakamura. USAF WADCTR 
59-706, Apr., 1960. 107 pp. 20 refs. Investiga- 
tion of the influence which composition and 
processing variables have on certain properties of 
small molded multicrystalline graphite specimens. 


Low-Temperature Properties of Welded Mag- 
nesium Alloys. R. W. Fenn, Jr., and L. F, 
Lockwood. Welding J. Res. Suppl., Aug., 1960, 
pp. 352-s-356-s. Presentation of additional 
data on the newer magnesium-alloy compositions 
and on the properties of welds in these alloys at 
low temperatures. 


Nonmetallic Materials 


Filament Wound Reinforced Plastics: State of 
the Art. I—What You Can Se From the 
Parts. M. W. Riley. II—How to Evaluate 
the Materials. J. H. Lieb and E. H. Jaffe. 
IlI—How Process Variables Affect Performance. 
S. A. Miller and J. S. Carter. Materials in Des. 
Eng., M/DE Special Report No. 174, Aug., 1960, 
pp. 127-146. 


Influence du Vieillissement sur les Propirétés 
Physiques et Mécaniques des Stratifiés en 
Tissu de Verre, Résine Polyester. A. Kh. 
Iablokoff and M. Hédiard. La _ Recherche 
Aéronautique, Mar.-Apr., 1960, pp. 41-44. In 
French. Investigations of the effect of ageing 
on laminates, including the definition of three 
types of ageing and presentation of experimental 
results. 


Testing Methods 


A Relaxation Time Technique for Measurement 
of Thermal Diffusivity. George Sonnenschein and 
R. A. Winn. USAF WADC TR 59-273, Feb., 
1960. 23 pp. Presentation of a method for 
measuring the thermal diffusivity of solids under 
conditions of one-dimensional transient heat 
flow in a semi-infinite plate of finite thickness, 
adiabatically insulated at one face and subject to 
a constant thermal flux at the other. 


Application of Rate-Temperature Parameters 
to Tensile Data for Magnesium Alloys and 4 
Relation Between the Larson-Miller Constant 
and the Activation Energy. Ch. R. Manning, 
jr. US. NASA D-172, May, 1960. 23 
pp. 11 refs. OTS, $0.75. 


Mathematics 


Differential Equations 


Ob Otyskanii Senay Lineinogo Differentsial’- 
nogo Uravneniia Vtorogo Poriadka. |. 
Ovsiannikov. AN SSSR Dokl., May }, 1960, pp. 
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44-47. In Russian. Presentation of results con- 
nected with the problem of determining the group 
of transformations conserving the given linear 
differential equation witn second-order partial 
derivatives for any number n of independent 
variables (n > 1). 

O Razreshimosti v Konechnom Vide Neko- 
torykh Sistem Lineinykh Differentsial’nykh 
Uravnenii. 1. M. Salakhova and G. N. Chebo- 
tarev. MVO SSSR VUZ Isv. Matemat., No. 3, 
1960, pp. 230-234. In Russian. Analysis cover- 
ing the solvability, in finite form, of certain sys- 
tems of linear differential equations 


On the Zeros of Solutions of Some Linear Com- 


plex Differential Equations. D. Wend 
Pacific J. Math., Summer, 1960, pp. 713-722 
Army-sponsored investigation using Green's 


function methods to analyze the distribution on 
the real axis of zeros of solutions of certain com- 
plex differential equations. 


On Quasi-Linear Parabolic Equations of the 
Second Order. II. Avner Friedman. J. Math. 
& Mech., July, 1960, pp. 539-562. 

A Circle Theorem Associated with the Poisson 
Differential Equation. E. E. Jones. ath. & 
Mech., July, 1960, pp. 563-572. Presentation of 
a circle theorem which determines the solutions 
to boundary value problems and which has control- 
ling equations of the Poisson type. 

The Exterior Dirichlet Problem for Second 
Order Elliptic Partial Differential Equations. 
Norman Meyers and James Serrin. J. Math. & 
Mech., July, 1960, pp. 513-538. USAF-sup- 
ported analysis of the existence and uniqueness of 
solutions, and of the effect which the asymptotic 
behavior of the coefficients has on the results. 


On Uniqueness Questions for Hyperbolic Dif- 
ferential Equations. J. P. Shanahan. Pacific J. 
Math., Summer, 1960, pp. 677-688. Analysis of 
the existence, uniqueness, and successive approxi- 
mations for solutions of a hyperbolic differential 
equation. 

The Integral Curves of the Homogeneous Dif- 
ferential Equations in the yo ogg of a 
Singular Point and a Singular Solution. Mahmut 
Tanrikulu. Istanbul Tek. U. Bul., vol. 12, 1959, 
pp. 59-67. Presentation of a theorem which dis- 
tinguishes types of integral rays of the homogene- 
ous differential equations, other than elliptic, 
parabolic, and hyperbolic. 

Priblizhennoe Reshenie Metodom Oststil- 
liruiushchikh Funktsii Differentsial’nykh Urav- 
nenii s Zapazdyvaiushchim Argumentom. N. 
Sharkova. MVO SSSR VUZ Izv. Matemat., No. 
3, 1960, pp. 256-260. In Russian. Application 
of the method of oscillating functions to the ap- 
proximate solution of differential equations with 
lagging argument. 


Functions & Operators 


On Hadamard’s Variation Formula for Green’s 
Function. S. E. Warschawski. J. Math. & 
Mech., July, 1960, pp. 497-511. 18 refs. Navy- 
sponsored analysis establishing the Hadamard 
formula under minimal smoothness assumptions. 


Matrices 


O Jedné Iteraéni Metodé Diagonalisace Syme- 
trickych Matic. Miroslav Fiedler and Vlastimi 
Ptak. Casopis Péstovéni Matematiky, No. 1, 
1960, pp. 18-36. In Czech, with summaries in 
English and Russian. Presentation of a new 
method of bringing a symmetric matrix to the 
diagonal form. The method can also be used to 
calculate an eigenvalue and the corresponding 
eigenvector if the nondiagonal elements in a line 
are sufficiently small. 


Numerical Analysis 


Problémes aux Limites Discontinus dans la 
Théorie des Fonctions Analytiques. W. Pogor- 
zelski. J. Math. & Mech., July, 1960, pp. 583- 
60 In French. Study ‘of certain linear and 
nonlinear discontinuous boundary problems in 
the theory of analytical functions 


O Povedenii Reshenii Zadachi Koshi pri 
Neogranichennom Vozrastanii Vremeni dlia 
Kvazilineinykh Uravnenii, Vstrechaiushchikhsia v 
Teorii Goreniia. Ia. I. Kanel’. SS 
Dokl., May 11, 1960, pp. 268-271. In Russian. 
Analysis covering the behavior of solutions of the 
Cauchy problem with infinite time increase for 


quasilinear equations encountered in the combus- 
tion theory. 


Ob Ustoichivosti Trivial’nogo Resheniia_ Sis- 
temy Dvukh Lineinykh Differentsial’nykh Urav- 
nenii s Periodicheskimi Koeffitsientami. V. M. 
Starzhinskii Prikl. Mat. i Mekh., May-June, 
-581. In Russian. Analysis cover- 
ing the st: ability of trivial solution for a system of 


two linear differential equations with periodic 
coefficients. 


Physical Applications 

Tisymptotic Behavior of Solutions in Heat 
tansfer. \i. M. Nazarchuk and N. I. Pol’skii. 
(AN SSSR Dokl., Dee. 1, 1959, pp. 759-761.) 
Sov. Phys. - Doki., May-June, 1960, pp. 1227- 
1229. Translation. 


Eine Methode zur zahlenmissigen Bestim- 
mung der Eigenwerte (z. B. Eigenfrequenzen) und 
der Eigenvektoren (z. B. Schwingungsformen) 
mit besonderer Riicksicht auf die technischen 


Eigenwertaufgaben. A. Bosznay. Periodica 
Polytech., Eng., Ser., No. 3, 1959, pp. 205-221. 
15 resf. In German. Presentation of a method 


for the numerical determination of eigenvalues 
(e. g., natural frequencies) and of eigenvectors 
(e.g., oscillation types) emphasizing engineering 
eigenvalue problems. 

On the Solution of Some Axisymmetric Bound- 
ary Value Problems by Means of Integral Equa- 
tions. III—Some Electrostatic and — 
namic Problems for Two Spherical Caps. W. 
Collins. London Math. Soc. Proc., 3rd Ser., hae, 
1960, pp. 428-460. 20 refs. 


Probability, Statistics 


Acceptable Points in Games of Perfect In- ~ 


formation. R. J. Aumann. Pacific J. Math., 
Summer, 1960, pp. 381-417. 14 refs. General- 
ization of von Neumann's classical theorem on 
two-person zero-sum games of perfect informa- 


tion, including the proof for cooperative games, 
and an extension to noncooperative games. 


On the Geometrical Significance of the Mo- 
ments of Order Statistics and of Deviations of 
Order Statistics from the Mean in Samples from 
Gaussian Populations. Harold Ruben. J. 
Math. & Mech., July, 1960, pp. 631-638. Navy- 
supported research. 


Theory of Numbers 


Bounds for the Eigenvalues of Some Vibrating 
Systems. Dallas Banks. Pacific J. Math., 
Summer, 1960, pp. 439-474. 15 refs. USAF. 
supported investigation of the nature of the den- 
sity functions for which the greatest lower bounds 
of the eigenvalues are attained when certain 
restrictions are placed on p (x). 


Ob Asimptoticheskom Povedenii Sobstvennykh 
Funkisii Zadachi Shturma-Liuvillia, Vychis- 
liaemykh po Teorii Vozmushchenii. Shi Chzhun- 
Tsy. AN SSSR Dokl., Apr. 21, 1960, pp. 1279- 
1282. In Russian. Analysis of the asymptotic 
behavior of eigenfunctions in the Sturm-Liouville 
problem, calculated on the basis of the perturba- 
tion theory. 


sharp pencil is all You reed... 


jot Your special motor application 
brotlen down and sind it to Lamb 
Chechic...well do the thinking , design 


and. manufacture. You gat the night moler, 
and mam produced 
at the most faorable coal... 


PERSONALIZED 
MOTOR 


| Elect 


THE LAMB ELECTRIC COMPANY ° KENT, OHIO 
A Division of American Machine and Metals, Inc. 


Heavy duty industrial motor 
for portable concrete vibrator. 
Frame: x 234. 


in Canada: Lamb Electric — Division of Sangamo Company itd. — Leaside, Ontario 
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Topology 


Ekvivalentnost’ Nekotorykh Gomologicheskikh 
Opredelenii v Topologii. M. F. Bokshtein. 
MVO SSSR VUZ I2v. Matemat., No. 3, 1960, pp. 
62-80. 11 refs. In Russian. Presentation of a 
proof for the Kolmogoroff theorem on_ the 
equivalence of internal cohomology groups of the 
locally bicompact Hausdorff space with relative 
cohomology groups of this bicompact. Further, 
the equivalence is proved by means of ordinary 
and multiplicative coverings for internal as well as 
external cohomology groups. 


On the Boundary Behavior of a Conformal 
Map of the Open Unit Disk Into a Riemann Sur- 
face. Maurice Heins. J. Math. & Mech., July, 
1960, pp. 573-581 


Mechanics 


Iz Istorii Fiziki—Isaak N’iuton, Iogann Bernulli 
i Zakon Sokhraneniia Kolichestva  Dvizheniia. 
V. &. Fabrikant. Uspekhi Fiz. Nauk, Mar., 
1960, pp. 575-580. 31 refs. In Russian. Dis- 
cussion of the law of conservation of the quantity 
of motion covering Bernoulli's interpretation of 
the concepts established by Newton. 


Effect of Time-Lags on Stability of Dynamical 
Systems. Quin Yuan-xun, Liou long-qing, and 
Wang Lian. Scientia Sinica, June, 1960, pp. 
719-747. Presentation of the mathematical 
justification of the engineering practice of replac- 
ing a system of equations with time-lags by a 
system without time-lags, on the grounds that the 
time-lags are very small. Included is a method 
for calculating the bounds of the time-lags. 


On the Use of Quaternions in Simulation of 
Rigid-Body Motion. A. C. Robinson. U SAF 
Ww TR 58-17, Dec., 1958. 89 Presenta- 
tion of the four- parameter method with specific 
application to coordinate conversion in aircraft 
simulations. This method is compared with the 
direction cosine method, both in a_ theoretical 
error analysis and in an example simulation on an 
analog computer. 


K Voprosu o Prostranstvennom Dvizhenii 
Osesimmetrichnogo Tverdogo Tela Okolo Nepo- 
dvizhnoi Tochki pod Vozdeistviem Momentov, 
Medlenno Izmeniaiushchikhsia vo Vremeni. G. 
E. Kuzmak. AN SSSR Dokl., May 21, 1960, 
pp. 549-552. In Russian. Study of the motion 
of an axisymmetric body about a fixed point sub- 
jected to the effect of moments slowly varying in 
time. 


Dynamics of Liquids in Moving Containers. 
R. M. Cooper. ARS J., Aug., 1960, pp. 725-729. 
145 refs. Review of solutions for the small motion 
of an ideal liquid in a fixed or moving rigid con- 
tainer of simple geometrical shape, and those 
solutions which include the effects of viscous 
damping and certain damping devices. It is ex- 
pected that future results will include extensions 
of the theory to admit somewhat larger wave 
amplitudes and a better understanding of the 
interaction between the liquid and the flexible 
walls of the container 


Ob Ustoichivosti v Kriticheskom Sluchae Od- 
nogo Nulevogo Kornia dlia Sistem s Posledei- 
stviem. S. N. Shimanoyv. Prikl. Mat. i Mekh., 
May-June, 1960, pp. 447-457. 10 refs. In Rus- 
sian. Development of a practical method for 
solving the problem of unperturbed motion of a 
system with time lag for the critical case of one 
zero root. 


A Note on the Concept of Entropy. I. E. 
Segal. J. Math. & Mech., July, 1960, pp. 623 
629. Presentation of a mathematical formulation 
for entropy for any state of any physical system. 
It is shown that the entropy of a mixture of states 
is bounded from below by the corresponding 
average of the entropies of the constituent states, 
that the entropy of a state is increased by re- 
stricting it to a subsystem, and that pure and 
equilibrium states tend to be characterized by 
their entropies. 


Meteorology 


Eksperimental’noe Issledovanie Chastotnykh 
Spektrov Vertikal’noi Komponenty Skorosti 
Vetra v Prizemnom Sloe Atmosfery. A. S. 
Gurvich. AN SSSR Dokl., June 1, 1960, pp. 
806-809. In Russian. Experimental investiga- 
tion of frequency spectra for the vertical compo- 
nent of wind velocity in the lower level of the 
atmosphere. 


Location of Jet Maxima. L. S. Bielinski. 
AMS Bul., July, 1960, pp. 368-371. Presenta- 
tion of a method which utilizes temperature re- 
ports of upper-air observations to determine the 
location of the jet maxima. The ‘‘true’’ jet 
maxima can then be identified by barometric 
pressure height, temperature, thermal wind shear, 
and velocity. 

Der Aufbau der langen Welle in der Atmos- 
phare. G. Gillopé. Schweizer Aero-Rev., Apr., 
1960, pp. 232-234. In German and French. 
Discussion of the structure of air currents in the 
atmosphere based on in-flight and ground observa- 
tions. 

Calibration of a Weather Radar by Using a 
Standard Target. D. Atlas and S. C. Mossop. 
AMS Bul., July, 1960, pp. 377-382. Presenta- 
tion of a simple method for calibrating a weather 


radar by means of standard spherical target, thus 
permitting the radar to be used for quantitative 
measurements of storm reflectivity which provides 
an echo equivalent to that from the known target. 
Absolute accuracy is greater than that attainable 
with a signal generator since no reliance need be 
placed on the generator calibration or upon the 
specified antenna gain. 


Radar Performance of the Precipitation Echoes 
Employing a Logarithmic I. F. Amplifier and an 
Averaging Device. N. Kodaira. Papers in 
Meteorology & Geophys., Dec., 1959, pp. 74-84. 
Discussion ot the probability distribution of the 
averaged signal from the logarithmic IF amplifier 
indicating the relation of the average value, the 
peak value, and the calculated value from the 
radar equation. ‘The instrument which produces 
an averaged iso-echo contouring PPI using a 
quartz delay line is briefly mentioned. 


The Accuracy of Soper-Wind Forecasts. C. 
S. Durst. Inst. Navigation J., July, 1960, pp 
288-295. Study of the probable errors of 24-hour 
wind forecasts over routes of any length. The 
probable unpunctuality of aircraft owing to wind 
forecast errors is assessed 


Konechnoraznostnaia Skhema Resheniia Pol- 

noi Sistemy Uravnenii Kratkosrochnogo Prognoza 
Pogody i Sootnosheniia Kvazigeostrofichnosti. 
. A. Kibel’. AN SSSR Doki., May 11, 1960, 
pp. 319-322. In Russian. Presentation of a 
finite-difference scheme for the solution of a com 
plete system of equations in the short-time 
weather forecasting and quasi-geostrophic rela- 
tions. 


Atmospheric Structure & Physics 


Surface Spherical Harmonic Representations 
of the System of Equations for Analysis. S. 
Kubota. Papers in Meteorology & Geophys., Mar., 
1960, pp. 145-166. Presentation of surface 
spherical harmonic representations for use in the 
analysis of the behavior of the atmosphere by 
means of the system of equations of motions, the 
thermodynamic equation, the equation of con- 
tinuity, and the static relation, and by dividing 
the atmosphere into five layers over the whole 
northern hemisphere 


Struktura Elektrostaticheskogo Polia v Svobod- 
noi Atmosfere po Dannym Issledovanii vo 
Vremia Mezhdunarodnogo Geofizicheskogo Goda. 
I. M. Imianitov and E. V. Chubarina. AN 
SSSR Dokl., May 1, 1960, pp. 104-107. In 
Russian. Evaluation of data on the structure of 
the electrostatic field in free atmosphere obtained 
in USSR during the International Geophysical 
Year. 

Further Studies on the Influence of the Change 
of Solar Activity Upon the Meteorological Phe- 
nomena. K. Takahashi. Papersin Meteorology® 
Geophys., Dec., 1959, pp. 55-73. 24 refs. 


Solar Corpuscular Radiation as a Heat Source 
of the Upper Atmosphere. G. Ishikawa. Papers 
in Meteorology & Geophys., Dec., 1959, pp. 93- 
123. 30 refs. Discussion of the heat production 
in the earth’s upper atmosphere due to the colli- 
sion between the air atoms and the solar corpus- 
cular radiation. The fundamental processes are 
treated semiclassically to get approximate for- 
mulas for the quantitative discussion. The 
atmospheric model given by Miller is employed to 
get the numerical values of the atmospheric ele- 
ments. The intensity and the energy spectra of 
solar corpuscular radiation at the top of the 
atmosphere are estimated from recent measure- 
ments, 


Upper Air Research 


Izmerenie Elektronnoi Kontsentratsii v Iono- 
sfere po Vrashcheniiu Ploskosti Poliarizatsii Radio- 
voln, Izluchaemykh s Raket. K. I. Gringauz and 
v. A. Rudakov. AN SSSR Dokl., June 21, 

1960, pp. 1311-1313. In Russian. Presentation 
of a method for measuring electron concentration 
in the ionosphere, used in Soviet cosmic rockets 
launched to altitudes of 450 km. and more. Re- 
sults obtained by this method during a 1958 
launching are presented 

Equipment for the British Radio- 
Sonde. H. Hooper Meteorological Mazg., 
May, 1960, pp. 147-150. Comparative discus- 
sion of methods for measuring atmospheric pres- 
sure, temperature, and relative humidity. 


Missile, Rocket, & Space Technology 


Special Issue: Space Special. Flight, Aug. 5, 
1960, pp. 175-194. Partial Contents: America’s 
Space Programme Britain's Space Dilemma, 
Kenneth Owen. Britain’s Booster. Placings in 
the Space Race; Soviet and American Achieve- 
ments Compared. Satellites and Probes: Score- 
board for the Year. Saturn; A Space Booster to 
Fly Rings Round all Others 


Special Issue: NASA Special Report. Mis- 
siles & Rockets, Aug. 8, 1960, pp. 17-33. Partial 
Contents: Industry May Get $12 Billion. Apollo 
3-Man Craft to Follow Mercury. Huge Fleet of 
Unmanned Ships Needed. Agency Eyes Stand- 
ardized Satellite. Launch Vehicle List May Drop 
to Four. Stress on Fuel Cells, Solar Systems. 

Symbol of the Space Age. CEC Recordings, 
2nd Quart., 1960, pp. 7-9. Presentation of some 
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of the systems developed and manufactured | 
Consolidated Systems Corporation, including 
borne and missile ground support systems. 


Military Uses of Space. Kenneth Gatland 
The Aeroplane & Astronautics, Aug. 19, 1960 
223-225. Discussion of possible military s; 
systems, including reconnaissance from. orbit. 
bomb-carrying satellites, and manned missions 

The Soviet Space Race. A. J. Zaehrinve 
Ordnance, July- Aug., 1960, pp. 45-48. Dis 
sion of the organization of Soviet space research 
effort, Western and Soviet contacts in the area of 
science, and some presumed configurations of 
Soviet rockets. 

Celestial Frontiers. G. H. Clement im 
Congr. on Surveying & Mapping © Am. Sj 
Photogrammet ry, Joint Annual Meeting, Wash 
Mar. 23, 1960.) Photogrammetric Eng., june. 
1960, pp. 389-394. Presentation of the his tory 
of rocketry and space satellites, including achieve 
ments, programs under way, and anticipated 
scientific value of the space effort 

Die Entwicklung unbemannter Flugkérper bei 
der Nord-Aviation. E. Stauff. Lu/ftfahrtlechnik. 
June 10, 1960, pp. 168-170. In German Survey 
covering the development of missiles by Nord- 
Aviation, as well as the various types of equipment 
developed up to date. 


Engins Américains de Lancement de Satellites 
et de Sondes Spatiales. J. Fitamant. Docaé; 
May, 1960, pp. 3-32. In French. Survey of the 
dev elopment of American rockets for launching 
satellites and space probes. The following types 
are described: Vanguard, Jupiter C, Thor Able 
and Delta, Juno 2, Thor Hustlet, Scout, Atlas. 
Atlas Agena, Atlas Able, Vega, Centaur, Saturn. 
and Nova. Details of the configuration, launch 
ing procedures, and guidance systems are viven 
along with economic considerations. 

Polaris. I, II. Flight, July 22; 29, 1960, pp. 
115-119; 147-150. Discussion of the develop 
ment history and test program of the Polaris 
ballistic missile used in conjunction with a sub- 
marine, the fundamental problems in this develop 
ment, the shipboard environment, and the launch- 
ing procedure. 


Les Applications de 1’Astronautique 4 |’Astro- 
age E. Schatzman. Astronautica Acta, 
Fasc. 2-3, 1960, pp. 159-166. In French. Dis 
cussion of problems in astrophysics, astronomy, 
and cosmogony for the solution of which astro- 
nautics will play an important role. 


Extraterrestrial Microbiology. Wolf Vishniac. 

(Aerospace Med. Assoc. Meeting, Miami, May 10, 
1960.) Aerospace Med., Aug., 1960, pp. 678- 
680. Discussion of the likely physiology in the 
microflora on Mars. 
_ Special Issue: Titan Special Report. \/issiles 
& Rockets, Sept. 5, 1960, pp. 10-38. Partial 
Contents: SAC setting ICBM ‘Crusher,’ 
James Baar. Titan II Will Get More pg and 
Payload in Production Line Modification, F. G 
McGuire. Parts Reduced in Titan II cae 
Safety Stressed in A-G’s Storable Test Facilities 
D. M. Tenenbaum. First Hard Site for Titan | 
Takes Form. Guidance Designed to be Fail- 
Proof, Ch. D. LaFond. Support Equipment 
Highly Integrated, Hal Gettings. 

Aurora—A Swedish High Altitude Rocket Pro- 
ject Study. Ake Hjertstrand, Olle Ljungstrém, 
and L. H. Agren. Astronautik, No. 1, 1960, pp 
1-20. Discussion of possible Swedish built 
sounding research rockets utilizing existing rocket 
motors originally developed for other purposes. 

A British Space Booster. E. C. Cornford 
The Aeroplane & Astronautics, Aug. 12, 1960, 
pp. 186-188. Discussion of the design studies to 
adapt Blue Streak and Black Knight to the pur- 
poses of satellite-launching, including the required 

capabilities of the system, operation, estimated 
performance, and guidance considerations 


Able Star Works as Second Stage Booster. 
Irving Stone. Av. Week & Space Tech., Aug 
29, 1960, pp. 50, $i, 54- -63 (ff). Discussion of 
the design, operation, and performance of the 
Able Star vehicle. 

The Nord Missile Family, with Special Ref- 
erence to the Supersonic Members. Flight, July 
15, 1960, pp. 83-87. Discussion of the develop 
ment history, design, performance advantages and 
shortcomings, and operation of the AA.20 air-to 
air missile. Other supersonic missiles are briefly 
mentioned. 


Firestreak. G. H. F. Brown, (RAcS Bristol 
Branch Lecture, Bristol, Feb. 17, 1960.) de Havil- 
land Gazette, June, 1960, pp. 92-97. Discussion 
of the design of the Firestreak air-to-air weapon, 
including also the launching mechanism, aero 
dynamics, and control system. 


The Falcon—World’s Most Experienced Air- 
to-Air Guided Missile. A. P. Wangsgard 
Thiokol Astronaut, No. 1, 1960, pp. 18-20. Dis- 
cussion of the performance of the different types 
of the Falcon air-to-air missile. 


A Space Shape for Solids. A. C. Keathley. 
Astronautics, Aug., 1960, pp. 26, 27, 38. Dis 
cussion examining the feasibility of ‘segmented 
cone-shaped solid rockets. It is believed that 
they offer versatile performance and economy for 
space missions. 


Multi-Purpose Payload Carrier Based om 
“Erector-Set’’ Principle. Irwin Stambler 
Space/Acronautics, Aug., 1960, pp. 43.18. De- 


scrip’ 
space 
Us: 
Optix 
| 1960, 
const 
jettis 
size 
facto 
is pre 

Ek 
Bush 
| 1960. 
| = 
sens¢ 
Ss | tome 
bitin 
ceive 
G. J 
Aero 
| (ff.). 
ing t 

| The 
| syste 
H 

Phili 
j pp. 

dure 

gran 

| tena 
| 

Gi 
cuits 

H yd 
112, 
desis 

also 

G 

| char 

acte 

| Coa 
> vol 

| Ana 
| cylit 

fron 

long 
bod 
acte 
ass 

| assu 

for 
Jacl 
52- 
and 
The 
1. give 
and 

Ru: 

25, 
of | 
Dai 
che 
and 

| 

| 29- 
} ren 

tim 
ple 
| err 
| 
Ve 
Pr 
| 

h 

Ro 
an 
Sey 
cor 
spi 

ins 

ga 

5 
sil 
Co 
La 
Tr 

me 

Ac 
| G 
rs 
an 

to 

ni 

D 

al 

a 

M 

of 


scription of the HETS 609A high-altitude and 
space test vehicle series. 


Use of the Construction Parameter in Staging 
Optimization. A. D. Cohen. ARS J., Aug., 
1960, pp. 769, 770. Analysis showing that the 
construction factor (ratio of hardware weight 
jettisoned to stage weight) is dependent on the 
size of the stage. A method of incorporating this 
factor into the solutions for staging optimization 
is presented. 

Electronics Probes Nature. I—Space. W. E. 
Bushor and M. F. Wolff. Electronics, July 29, 
1960, pp. 53-62. 32 refs. Discussion of the 
techniques of radio and radar astronomy, and 
sensors carried in space vehicles including magne- 
tometers, radiation detectors, atomic clocks, or- 
biting astronomical telescopes, antennas, and re- 
ceivers. 

Which System for Propellant Level Sensing? 
G. J. Friedman and Louis DeBottari. Space / 
Aeronautics, Aug., 1960, pp. 103, 104, 106-114 
(ff.). Discussion of several methods of monitor- 
ing tank propellant level in liquid rocket missiles. 
The results favored a static pressure sensing 
system 

How Air Force Maintains Missile Readiness. 
Philip Geddes. Aircraft & Missiles, Aug., 1960, 
pp. 20, 21. Presentation of the checkout proce- 
dures at Vandenberg AFB, using automatic pro- 
gramed checkout equipment (APCHE) for main- 
tenance tests on Atlas missiles. 

Ground Tester Combines Gas and Fluid Cir- 
cuits to Reduce Atlas Weight. H. D. Davis. 
Hydraulics & Pneumatics, July, 1960, pp. 110, 
112,113. Discussion of the hydraulic-pneumatic 
system for testing the missile’s first stage. The 
design requirements which led to this design are 
also included. 


General Research in Flight Sciences—Me- 
chanics of Deformable Bodies. XI—-Spring Char- 
acteristics of Long Tubular Air Cushions. C. W. 
Coale. Ed Aircraft Missiles & Space Div., 
vol. IT, TR LMSD-288139, Jan., 1960. 25 pp. 
Analysis considering the problem of packaging a 
cylindrical body in a container for protection 
from shock and vibration. Air tubes are placed 
longitudinally in the annular space between the 
body and container, or may be wrapped circum- 
ferentially around the body. The spring char- 
acteristics of an air tube used in each of these two 
ways are investigated, with the air tube material 
assumed to be flexible but inextensible. 

Sergeant and Its GSE: A Field System Good 
for10 Years. R. J. Parks, W. J. Schimandle, and 
Jack Davis. Space/ Aeronautics, Aug., 1960, pp. 
52-57. Description of basic design philosophy 
and major elements of the Sergeant missile system. 
The details of unusual GSE design features are 
given, and the sequence of missile section loading 
and mating on the launcher-erector are shown. 


New Polaris Checkout Devices Developed. 
Russell Hawkes. Av. Week & Space Tech., July 
25, 1960, pp. 86, 87, 89, 90-94 (ff.). Discussion 
of the features considered to be the reason for 
Datico’s (digital automatic tape intelligence 
checkout) success, its operation and application, 
and its modification for use aboard submarines. 


High Accuracy Azimuth Reference Device. 
I. M. Feldman. ARMA Eng., June, 1960, pp. 
29-33. Description of a lightweight device cur- 
rently under development, capable of determining 
the meridian to 20 sec. of are within 15 min. of 
time under combat conditions, including princi- 
ples of operation, system configuration, system 
error, and system dynamics. 


Experimental and Anal tical Study of Rolling- 
Velocity Amplification uring the Thrusting 
Process for Two 10-Inch-Diameter Spherical 
Rocket Motors in Free Flight. 
Theoretical Momentum Transfer pherical 
Rocket Motors During Thrusting. W. Martz 
and R. L. Swain. U.S., N sa° TM X-75, 
Sept., 1959. 36 pp. Discussion of flight tests 
conducted to measure the amplification of the 
spinning velocity of the motor during the thrust- 
ing process due to internal swirling of the exhaust 
gases, including also a theoretical method of pre- 
dicting the spin-up, 


Special Issue: Optics Special Report. Mis- 
siles & Rockets, Aug. 22, 1960, pp. 22-38. Partial 
Contents: Market is Likely to Double, Ch. D. 
LaFond. Visual Sighting Still Vital. Missile 
Tracking Field Due to Expand. Optical Align- 
ment Field Sees Steadily Growing Rivalry. 
Advanced Photographic Units Spawned. Fiber 
Optics Improves Scan Systems. Optics Will 


nee Spacecraft. Materials, Processes Keep 
‘ace. 


Telemetry’s Tasks in Titan Tests. 
and W. M. Van Beek. Aircraft & Missiles, Aug., 
1960, pp. 26-28. Presentation of measurements 
to be taken during a missile flight test and tech- 
niques insuring accurate data collection and ac- 
curate data analysis. 

After the Count Down. F. J. Holley, Jr. 

CEC Recordings, 2nd Quart., 1960, pp. 10, i1. 
Discussion of the procedures used in the dynamic 
analysis laboratory at Point Mugu, Cal., in 
analyzing missile test recordings. 

Drag evens Studied for Recovery Units. 
Michael : affe Av. Week & Space Tech., Aug. 
15, 1960, 03 914, 96. Discussion of the areas 


Lukens 


of operation of current and anticipated drag 
Producing devices, including also approaches to 


the problems of pulsating shock and landing point 
control. 


An Analysis of the Impact Motion of an In- 
flated Sphere Landing borer E. D. Martin 
and J. T. Howe. U.S., SA TN D-314, Apr., 
1960. 45 pp. OTS, $i. 25. Description of an 
inflated sphere landing vehicle, and presentation 
of an analysis of its motion during impact on a 
hard surface on the assumption that the inelastic, 
_ flexible, skin maintains a truncated spherical 
shape. 


Gas Dynamics of an Inflated Sphere Striking a 
Surface. J. T. Howe and E. D. Martin. U.S 

NASA TN D-135, Apr., 1960. 49 pp. 12 refs. 
OTS, $1.25. Presentation of a method for pre- 
dicting the motion of an inflated sphere striking a 
hard surface, in which the effect of the wave 
structure in the inflating gas is considered. 


Ballistics, Re-Entry 


On peg menel Rocket Trajectories and the Cal- 
culus of Variations. R. M. Rosenberg. Aero- 
space Engrg., Oct., 1960, pp. 20, 21, 64. 11 refs. 
Analysis showing that failure to adjoin the kine- 
matic constraints to the variational problem leads 
to incorrect results. 


Die ersten und zweiten 
in der elliptischen Bewegung als Funktionen des 
Geschwindigkeitsvektors. Karl Schiitte. Astro- 
nautica Acta, Fase. 2-3, 1960, pp. 144-150. In 
German. Derivation of first and second deriva- 
tives in term: of functions of the magnitude and 
direction of the velocity vector for the following 
trajectory elements: major semiaxis a, period U’, 
eccentricity ¢, and true anomaly v. 


Guidance, Control, Stability 


Stabilisation d’un Missile par Soufflage au 
Bord de Fuite. A. Rémondiére. La Recherche 
Aéronautique, Mar.-Apr., 1960, pp. 45-52. In 
French. Description of tests performed on a mis 
sile of the type OPd 220 “‘Soufflage”’ to investigate 
roll stabilization by means of blowing over the 
trailing edge of tail surfaces. Results cover flight 
test measurements of the effectiveness of blowing, 
stabilization at low speed in wind tunnel, and in- 
flight stabilization. 


PAT-C: Position, Attitude, Trajectory —Con- 
trol System. Remargs, Summer, 1960, pp. 2, 3. 
Presentation of the PAT-C_ system’ which, 
mounted on board of the spy-in-the-sky satellite, 
keeps its trajectory under control, thus maintain- 
ing it within its projected orbit, stabilized, func- 
tionally oriented, and capable of changing its 
position relative to the earth or any celestial 
body. 


Performance & Reliability of Rocket Attitude 
Control Systems. O. S. Williams. Thiokol 
Astronaut, No. 1, 1960, pp. 3-6. Comparative 
evaluation of the reliability, variation in weight 
in going from a total impulse of 500 to 50,000 Ib.- 
sec., and thrust-rise time in stored gas, monopro- 
pellant, and bipropellant systems. 


The Construction of Missile Guidance Codes 
Resistant to Random Interference. . R. Eckler. 
Bell System Tech. J., July, 1960, pp. 973-994. 
Discussion of encoding command information 
(selecting time spacings between the pulses) so 
that m false pulses (m < » — 2) cannot combine 
with the 7 true pulses in any way to form a false 
command, 


Some Considerations Affecting the Design ot 
Midcourse Navigation Systems for Space Vehi- 
cles. Garabed Gulbenkian. Kear fott Tech. News 
Bul., May-June, 1960, pp. 10-13, 16-18. Dis- 
cussion of some features of a hypothetical mid- 
course navigation system in which acceleration 
and velocity are not integrated, and which is de 
signed to operate with a variety of guidance pro- 
grams. An analysis of its use in conjunction with 
a particular type of homing program is included. 


Problems in Attitude Stabilization of Large 
Guided Missiles. E. D. Geissler. (JAS Nail. 
Summer Meeting, Los Angeles, June 28-July 1, 
1960, Paper 60-63.) Aerospace Energ., Oct., 
1960, pp. 24-29, 68, 70-72. 29 refs. 


Inertial System Off the Production Line Guides 
Atlas. James Holahan. Space/ Aeronautics, 
Aug., 1960, pp. 140-142. Discussion of the prob- 
able salient design features of the inertial guid- 
ance system for the Atlas. The advantages of 
single- and double-axis gyros are compared, and 
the principles of vibrating-string accelerometers 
are described. 


Anti-ICBM Intercept Guidance for Better Kill 
Probability. S. D. Hays. Space/ Aeronautics, 
Aug., 1960, pp. 161, 162, 164-171. Presentation 
of guidance equations for head-on or anti-parallel 
interception of a re-entering ICBM. The geom- 
etry of the problem's trajectories is described 
and illustrated. 


Lunar Guidance. H. I. Bement. Asfronau- 
tics, Sept., 1960, pp. 24, 25, 77-79. Comparison 
of radio and optical-inertial terminal guidance 
systems for lunar impact, soft landings, and semi- 
hard landings. The optical-inertial method is 
favored over the latter two missions. 
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Spacecraft 


Progress monet on Project Mercury. 
Donlan and J. eberlig. Astronautics, Aug. ' 
1960, pp. 32, 33, 73-76. Review of the project 
Mercury concepts and hardware in the light of 
present development experience. 

Raumsonden zur Venus. Heinrich Faust. 
Weltraumfahrt, Mar., 1960, pp. 13, 14. In Ger- 
man. Evaluation of the scientific significance of 
Venus exploration satellites. It is pointed out 
that the available knowledge shows Venus to be 
at the same developmental stage as the Earth was 
millions of years ago. 

Prime Movers of the Space Age. The Aero- 
plane & Astronautics, Aug. 12, 1960, pp. 189- 
198. Pictorial analysis of the major space- 
boosters presented along with a comprehensive 
record, in tabular form, of all the satellites and 
space probes launched between August 14, 1959, 
and June 29, 1960. The tables furnish data on 
the name of the vehicle, its lifetime, shape and 
size, weight, shell material, purpose, radio, orbit, 
and launching site. 


JPL’s Plan to Explore Space. Jan Schneider- 
man. Aircraft & Missiles, Sept., 1960, pp. 21-23. 
Description of the Ranger series of space vehicles 
and their possible applications. The type of 
instrumentation carried on various missions is 
described. 

Dart-Shaped Satellite. R.A. Cole. Aircraft 
& Missiles, Sept., 1960, pp. 62-64. Discussion of 
design considerations and control problems for a 
tetrahedral-shaped, manned re-entry vehicle. 

Efficient Precision Orbit Computation Tech- 
ego R. M. L. Baker, Jr., G. B. Westrom, C. 

Hilton, R. H. Gersten, J. L. Arsenault, and 
E J. Browne. (U. Calif. UCLA Astrodynamical 
Rep. 3, ae 11,1959.) ARS J., Aug., 1960, pp. 
740-747. 24 refs. Comparison of the methods of 
Cowell, ‘Encke, and the variation-of- parameters 
technique as means of calculating precision orbits, 

Orbit Mechanics Holds Key to Space Flight- 
A. B. Mickelwait. Space/Aeronautics, Aug., 
1960, pp. 58-61. Review of the state of the art in 
the field of trajectory analysis. Areas discussed 
are design trajectories, metric trajectories, and 
trajectory reconstruction. 


Evaluation of Coasting Flight of an Ascending 
Satellite Vehicle for Circular Orbits. A. D. Cohen 
and H. H. Rhodes. ARS J., Aug., 1960, pp. 768, 
769. Presentation of parametric curves which 
relate conditions at the beginning of the coasting 
portion of the ascent path to those existing when 
the vehicle attains a horizontal attitude. 


Space Flight Survey—-A Projected Communica- 
tions Satellite. W.F. Hilton. The Aeroplane & 
Astronautics, Aug. 12, 1960, pp. 182-184. De- 
scription of the Hawker Siddeley project work on 
communications satellites, including a study of 
useful orbits and available communications. 


Observation Satellites: Problems and Pros- 
pects. IV. A. H. Katz. Astronautics, Aug., 
1960, pp. 30, 31, 59, 60, 62, 64. 19 refs. Dis- 
cussion of the scientific and technical uses of ob- 
servation satellites, based on the fact that the 
satellite operates above the earth’s atmosphere 
and thus can record information that otherwise 
can never reach the earth. Photographic tech- 
niques and problems in astronomical and astro- 
physical research using a satellite as a tool are 
presented. 

Observation Satellites: Problems and Pros- 
pects. V. A. H. Katz. Astronautics, Sept., 
1960, pp. 32, 33, 40, 42-46 (ff.). 17 refs. Dis- 
cussion of the photographic aspects of weather 
reconnaissance and of the role satellites could play 
in aerial inspection systems. 


NASA’s Project Echo—A Worldwide Labora- 
tory Tool. Aircraft & Missiles, Sept., 1960, pp. 
46,47. Description of the Echo inflatable satel- 
lite, and discussion of the desired goals to be 
achieved with the initial launching. 


Project Score—The First Satellite Communica- 
tion System. G. V. Kedrowsky. Aerospace 
Engrg., Oct., 1960, pp. 36-39, 74, 76. Discussion 
of the SCORE experiment, including performance 
observations and a description of satellite and 
ground equipment. 


Ch. J. 


Navigation 


Drift Determination in Jet Aircraft. H. M. de 
Jong. Inst. Navigation J., July, 1960, pp. 296-— 
300. Presentation of a new displacement formula 
which takes into account an additional term which 
may amount to considerable values in climbing 
procedures and which depends on the temperature 
excess of the air with respect to standard condi- 
tions and the pressure /height difference between 
the points where altimeter measurements are 
made. A numerical example illustrates the im- 
portance of this additional term. 


Space Navigation. J. G. Porter and D. 
Cashmore. IJnst. Navigation J., July, 1960, pp. 
333-342. Discussion of the fundamentals of 
space navigation, including orbits, measurement 
of position in space, measurement of velocity and 
acceleration, and the role of inertial equipment. 

Interplanetary Navigation: An Extension of an 
Ancient Art. E. V. Stearns and W. E. Frye. 
Navigation, Winter, 1959-1960, pp. 526-535. 
Discussion of minimum energy trajectories, non- 
minimum energy navigation, and of the applica- 
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tions of celestial navigation to problems of inter- 
planetary travel. 


Initial Alignment of a Moving Inertial Naviga- 
tion System. R . Seeley and R. D. Cole. 
Inst. Navigation J., July, 1960, pp. 301-315. 
Presentation of some of the techniques by which 
a moving inertial plattorm may be aligned by us- 
ing external velocity measurements. Problems 
and error sources affecting such alignment are 
discussed. 


Electronic Aids 


High Altitude Flight Measurements of VOR, 
TACAN, and VORTAC. A. E. Jenks, J. Ch. 
Shimp, and B. N. Lockett. (Jnst. Navigation 
15th Annual Meeting, Kings Point, N. Y., June 
19, 1959.) Navigation, Winter, 1959-1960, pp. 
536-539. Presentation of flight test results on 
the operational characteristics at high altitudes 
(15,000 to 40,000 ft.) of the electronic naviga- 
tional aids that form the Federal Airways system. 
Also discussed are: problem identification, size of 
the cone area, TACAN performance, and the ade- 
quacy of the navigational aids, communications 
facilities, radar coverage, and proposed flight 
procedures in the terminal area. 

Die Navigation auf Transatlantikfliigen der 
Deutschen Lufthansa. K. E. Karwath. Flug- 
welt, Mar., 1960, pp. 85-91. In German. Pre- 
sentation of a survey of currently used navigation 
methods and instruments for long-range flights 
and of methods and aids used in instrument flying. 
The discussion includes a study of navigation 
methods for the transatlantic flights of the Ger- 
man Lufthansa, the TACAN radio navigation 
method, and instrument flying methods in inter- 
national commercial use. 


The Vector Analog Computer. E. S. Perkins. 
Navigation, Winter, 1959-1960, pp. 487-496. 
Discussion of the limitations of present radic 
navigation systems, of the criteria for an airborne 
navigational director with the simplicity and ac- 
curacy of visual reference, and of the principles 
of design and operation of the vector analog com- 
puter. 


Traffic Control 


Data Processing Help for Air Traffic Control- 
ios. T. A. Holdiman. J. Atr Trafic Control, 
July, 1960, pp. 5-11, 35. Discussion of the 
problems of computer application, including the 
factors increasing the loads on the air traffic con- 
trol system, central data processing applications 
for managing these loads, and problems, limita- 
tions, and potentialities of automatic solutions 
which need early and careful exploration if auto 
mation is to furnish significant assistance to air 
traffic controllers. 


The LOCTRACS Air Traffic Surveillance Sys- 
tem. Kenneth Bailey Navigation, Winter, 
1959-1960, pp. 497- 506. Description of the 
equipment and presentation of data on the opera- 
tion of the Lockheed Tracking and Control! Sys- 
tem. 


Some Long-Range System Experimentation 
with SATIN (SAGE Air Traffic INtegration). J. 
Air Trafic Control, July, 1960, pp. 3, 4. Pres- 
entation of the technical features and functions 
of the SATIN experimental system currently 
under development to control high-speed, high- 
altitude jet aircraft flying along designated civil 
jet routes, as well as military aircraft whose mis- 
sions require less restricted flight off the jet 
routes. 


SF-1 Communications System. J. M. Cop- 
pinger. J. Air Traffic Control, July, 1960, pp. 
30-32. Discussion of the SF-1 system’s “‘over- 
ride circuits’ and their operation. 


CRD-6 UHF DF Procedures. J. A. rag 4 
J. Air Trafic Control, July, 1960, pp. 22, 24, 
Presentation of a method for actually guiding the 
aircraft from the initial contact position to the 
final landing, including equipment requirements 
and factors important in UHF DF operation. 


Nuclear Energy 


Nuclear Power for Space. F. H. Featherston. 
Ordnance, July-Aug., 1960, pp. 144, 145.  Dis- 
cussion of the goals of present research effort and 
of the status and possibilities of solar cells and 
nuclear reactor systems. 


SNAP Units Well Along in Development. 
William Beller. Missiles & Rockets, Aug. 22, 
1960, pp. 39-43. Discussion of the uses, design 
features, and expected performance of the SNAP 
2, 8, and 10 nuclear reactor space electric power 
systems, considering also the relative merits of 
solar and nuclear electric power sources. 


Some New Types of Neutron-Shielding Mate- 
rials. A.N. Fasano. USAF WADCTN 59- 227, 
June, 1959. 3 pp. Presentation of methods for 
the use of BsC and LiF as neutron-absorbing 
materials for the protection of gamma and neutron 
detectors. 


Organic Subjected to Gamma 
Radiation. R. H. Bretton and Imre Zwiebel. 
USAF WADD TR 60-127, Apr., 1960. 39 pp. 
32 refs 

Vliianie Neitronnogo Oblucheniia na Krivuiu 


Namagnichivaniia onokristallov Kremnistogo 
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Zheleza. V.V.Kliushin. AN SSSR Dokl., May 
1, 1960, pp. 102, 103. In Russian. Study of the 
effect of neutron bombardment on the magnetiza- 
tion curve of silicon iron single crystals (3% Si). 


Photography 


Map Development for Advanced Radar Simula- 
tion Techniques. Walther Barth. USAF WA- 
DC TR 58-165, Feb., 1960. 78 pp. 32 refs. 
Discussion of the photographic properties re- 
quired and the techniques used to prepare a map 
for a radar simulator 


Further Studies on the Light Scattering Tech- 
nique for Determination of Size Distributions in 
Burning Sprays. lI —Wide Range Photographic 
Photometry. R. A. Dobbins Princeton 
Dept. Aero. Eng. Lab. Rep. 498 (AFOSR TN 
60-353), Feb. 10, 1960. 50 pp. 15 refs. Pres- 
entation of a technique tor the quantitative 
measurement by photographic photometry of the 
angular variation of luminous intensity due to a 
group of suitably illuminated particles in the 
optical determination of droplet size distributions. 
Included are development methods and film and 
microphotometer calibration procedures. 


Physics 


Kvantovaiia Radiofizika. N.G. Basov and A. 
M. Prokhorov (AN SSSR Annual Meeting, 
Moscow, Feb. 24-26, 1960.) AN SSSR Vestnik, 
Apr., 1969, pp. 110-119. In Russian. Brief 
survey of the research done in the field of quantum 
radio physics and discussion of recent develop- 
ment in the stabilization of generator frequency 
and the increase in receiver sensitivity over the 
centimeter and decimeter range 


On the Calculation of Photoionization Absorp- 
tion. L.M. Bibermanand G.E. Norman, Optics 
& Spectroscopy, Apr., 1960, pp. 230-232. Trans- 
lation. Presentation of a method for calculating 
the coefficient of absorption due to the photoioni- 
zation of multielectron atoms 


Izotermicheskii Razlet Gazovogo Oblaka. V. 
S. Imshennik. AN SSSR Dokl., Apr. 21, 1960, 
pp. 1287-1290. In Russian. Study showing for 
the isothermal case the existence of an asymptotic 
solution for the problem of gas cloud bursts. 


O Spektrakh Sistem Vzaimodeistvuiushchikh 
Chastits i Kollektivnykh Poteriakh pri Prokhozh- 
denii Chastits Cherez Veshche- 
stvo. Iu. Klimontovich and V. P. Silin. Us- 
pekhi Fis. awk, Feb., 1960, pp. 247-286. 109 
refs. In Russian. Discussion of two related prob- 
lems: (a) spectra of collective perturbations in 
systems of interacting particles and (b) energy 
losses due to the excitation of collective oscilla- 
tions during the passage of particles through a 
medium. 


K Gidrodinamike Kolebaniia Diska vo Vra- 
shchaiushcheisia Zhidkosti. Iu. G. Mamaladze 
and S. G. Matinian. Prikl. Mat. i Mekh., May- 
June, 1960, pp. 473-477. In Russian. Study of 
torsional oscillations of a disc immersed in a ro- 
tating fluid, related to the determination of char- 
acteristics of rotating helium II. The moment of 
viscous forces is calculated and a comparison is 
made with experimental data 


Astrophysics 


Radar Astronomy. Von R. Eshleman and A. 
M. Peterson. Sci. Am., Aug., 1960, pp. 50-59. 
Discussion of the radar techniques and their 
application in the study of space and the surface 
of celestial bodies 


Ob Odnoi Vozmozhnoi Otsenke Temperatur 
Goriachikh Zvezd po Kharakteru Emissionnogo 
Spektra NITI. A. A. Nikitin. AN SSSR Dokl., 
May 1, 1960, pp. 89, 90. In Russian. Pre- 
sentation of an approach for estimating the tem- 
perature of hot stars from the character of the N 
III emission spectrum. 


Characteristics of 488 Megacycles per Second 
Radio Signals Retiected from the Moon. B. C. 
Blevis and J. H. Chapman. J. Res., Sect. D - 
RP, July-Aug., 1960, pp. 331-334. 


The First Results Obtained from cena 
of the Invisible Side of the Moon. P. Bara- 
bashov and Yu. N. Lipskii. (AN SSSR Dokl., 
Dec. 11, 1959, pp. 1000-1002.) Sov. Phys. - 
Dokl., May-June, 1960, pp. 1165-1169. Trans- 
lation. Study of the original negatives and the 
contact prints made from those showing the 
fewest flaws, including conditions under which the 
photographs were taken and identification of the 
features on the reverse side of the moon. 


Geophysics 


O Vliianii Turbulentnoi Diffuzii v Napravlenii 
Vetra na Raspredelenie Kontsentratsii Substan- 
tsii, Atmosfere. I. L. Karol’. 

R Dokl., Apr. 21, 1960, pp. 1283-1286. 
In Bn sf Determination of the effect of tur- 
bulent diffusion in the direction of the wind on the 
distribution of concentration of a substance in 
the atmosphere. 


Izuchenie Mezhplanetnogo [Ionizovannogo 
Gaza, Energichnykh Elektronov i Korpuskuliar- 
nogo Izlucheniia Solntsa pri Pomoshchi Trekh- 
elektrodnykh Lovushek Zariazhennykh Chas- 
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tits na Vtoroi Sovetskoi Kosmicheskoi Rak ete, 
K. I. Gringauz, V. V. Bezrukikh, V. D. Ozeroy, 
and R. E. Rybchinskii. AN SSSR Dokl., \pr. 
21, 1960, pp. 1301-1304. In Russian. Dis -us- 
sion of data obtained by means of three-elect: ode 
traps for charged particles installed in the se: »nd 
Soviet cosmic rocket to study the interplane: ary 
ionized gas, high-energy electrons, and solar cor- 
puscular radiation. 

Tonizovannyi Gaz i Bystrye Elektrony v Ok: est- 
nosti Zemli iv Mezhplanetnom Prostranstve. kK 
I. Gringauz, V. G. Kurt, V. I. Moroz, and |. § 
Shklovskii. AN SSSR Dokl., June 11, 1960 pp 
1062-1065. 12refs. In Russian. Evaluati n of 
data obtained by the second Soviet cosmic rocket, 
and discussion of the ion concentration and fast 
electrons in the terrestrial atmosphere an! in 
interplanetary space. 

Radioastronomicheskie Nabliudeniia Vroroj 
Sovetskoi Kosmicheskoi Rakety. V. V. \itke- 
vich, A. D. Kuz’min, R. L. Sorochenko, and V. A, 
Udal’tsov. AN SSSR _ Dokl., May 1, 1960, pp 
85-88. In Russian. Description of techniques 
used for tracking radio signals received from the 
second Soviet cosmic rocket. The measuremients 
including the angle 8 between the direction toward 
the signal source and the normal to the radio 
interferometer base, the intensity of the signal 
and the rendezvous point, are covered. 

Stationary Rotation of Cosmic Gaseous Masses 
in General Theory of Relativity. Yu. P. Chernoy, 
(AN SSSR Dokl., Dec. 1, 1959, pp. 762-765 
Sov. Phys. - Dokl., May-June, 1960, pp. 1230 
1234. Translation. Analysis of a gaseous mass 
filling the entire space with steady-state rota 
tion in its own gravitational field about the 2 axis 
The rotation is assumed to be adiabatic. 

Ionospheric Structure Above Fort Churchill, 
Canada, from Faraday Rotation Measurements, 

(ARS 14th Annual Meeting 
Wash., Nov. -20, 1959.) ARS J., Aug., 1960, 
pp. 763-765. 

Ionospheric Electron Densities for Washington 

C., Panama, Talara, and Huancayo for Octo- 
ber-November- ‘December, 1958. E.R. Schmer- 
ling. Penn. State U. IRL Sci. Rep. 136 (USAF 
GRD TN 60-497), Aug. 1, 1960. 90 pp. 


The Effect of Turbulence and Magnetic Field 
on Electron Density Fluctuations in the Iono- 
sphere. I. D. Howells. J. Fiuid Mech., Aug., 
1960, pp. 545-564. Study of Dungey’s model 
and results to determine in more detail the irreg- 
ularities of electron density and to take into 
account diffusion due to electron and ion partial 
pressures. 

A Preliminary Study of Sunrise Effects in the 
D-Region. A. C. Aikin. Penn. State U. IRL 
Sct. Rep. 133 (USAF GRD TN 60-491), June | 
1960. 28 pp. 11 refs. 


Optics 


Consideration of a Surveying Telescope Ob- 
jective in the Initial Stage of Optical Designing, 
Taking Third Order Aberrations Into Account. 
I. Ujvary. Periodica Polytech., Eng. Ser., No. 3, 
1959, pp. 247-254. Presentation ofa study of the 
variations experienced by the focal lengths of the 
converging and diverging lenses in teleobjective- 
type surveying telescope objectives depending on 
optical tube-length and separation of the lenses 
In order to reduce aberrations, large partial focal 
lengths and small Petzval sums have been aimed 
at. An apparently satisfactory solution has been 
obtained and illustrated by a numerical example 


Power Plants 


Meet the Hyperjet. R.L. Maxwell. Remargs, 
Summer, 1960, pp. 9-11. Discussion of the 
modes of operation, ground and flight tests, and 
applications of the hyperjet which integrates 
rocket and ram-jet in a single power plant 

Space Power Needs Urgent. Missiles © 
Rockets, Aug. 15, 1960, pp. 22, 23,29. Discussion 
covering the trend toward solar mechanical sys- 
tems in preference to nuclear units, components 
and subsystems of a typical solar mechanical 
power system, and considerations and require- 
ments in the development of such a unit. 


The Prospects of MHD Power Generation. 
Leo Steg and G. W. Sutton. Astronautics, Aug., 
1960, pp. 22-25, 82-86. 20 refs. Discussion of 
problem areas in magnetohydrodynamic power 
generation, including the difference between 4 
gaseous and a metallic conductor and its engi- 
neering implications, the Hall effect, power genera- 
tion experiments and generator design approz aches, 
the major factors decreasing the efficiency of aa 
MHD generator, and application areas. 


Plasma Propulsion. S. W. Kash. SAE 
Summer Meeting, Chicago, June 5-10, 1960, 
Preprint 185B. 11 pp. Discussion of the funda- 
mentals of steady-state and pulsed plasma ac- 
celerators. 


Solar Mechanical Engine. Ch. D. LaFond 
Missiles & Rockcts, Aug. 15, 1960, pp. 24, 25, 28 
Discussion of the design, specifications, and desiga 
problems of the biggest solar mechanical engine 
currently under development by the USAF. 


Atomenergi Fér Raketer. Hans von Ubisch 
Astronautik, No. 1, pp. 30-44. 10 refs. In 
Swedish. Discussion of the feasibility of nuclear 
rocket propulsion, based mostly on the recent 
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monograph by Bussard and DeLauer, and ex- 
amination of the possibility and purpose of the 
photon rocket. 

Experimental Studies with Small-Scale Ion 
Motors. C. R. Dulgeroff, R. C. Speiser, and A. T. 
Forrester. ARS J., Aug., 1960, pp. 761-763. 
USAF-supported study of cesium surface ioniza- 
tion sources. In mass utilization studies it was 
found that 70 per cent of the cesium used reached 
the collector as high-energy ions, and over 90 per 
cent was ionized at the ionizer. 

High Altitude Testing of Propulsion Systems. 
B. H. Goethert and Delbert Taylor. ZFW, July, 
1960, pp. 202-211. Study of stringent operating 
conditions required of a ground-test facility in 
conducting high-altitude tests of propulsion sys- 
tems and their associated components. Included 
is a discussion of various techniques which may be 
used to augment the performance of existing facili- 
ties sufficiently to meet the ever-increasing re- 
quirements of current and future high-perform- 
ance propulsion systems. 


Jet & Turbine 


Gasturbinenentwicklungen in der Bundesrepu- 
blik Deutschland. Karl Leist. BWK, June 5, 
1960, pp. 267-276. 29 refs. In German. His- 
torical survey of the development of gas turbines, 
covering a description of small gas turbines and 
jet engines, as well as the current research on 
flow, turbulence, and cavitation problems, optical 
stress investigations, and temperature distribu- 
tion measurements. 


Lycoming Gas Turbines. AHS Newsletter, 
July, 1960, pp. 2-8. Survey of Lycoming gas 
turbine models, including design features, as well 
as Lycoming development and production facili- 
ties and services. 

Current Problems in Aero Engine Design. 
E.S. Moult. (13th Louis Blériot Memorial Lec- 
ture, Paris, Mar. 2, 1960.) de Havilland Gazette, 
June, 1960, pp. 86-89. Discussion of the effects 
of different factors on thrust and economy in 
supersonic transports, and problems concerning 
high temperature engines. 


Versuchsaufgaben bei der Entwicklung von 
Turbinentriebwerken. H.G. Miinzberg and O. 
David. Luftfahritechnik, June 10, 1960, pp. 
171-180. In German. Discussion of experi- 
mental problems in the development of turbine 
power plants. Emphasis is placed on aerody- 
namic, thermodynamic, and performance tests, and 
a brief description of the respective test-bed equip- 
ment designed for this purpose is given. 


Bristol Siddeley’s Fans. Flight, Aug. 12, 
1960, pp. 210-212. Discussion of Bristol Sidde- 
ley’s effort to develop a new family of double- 
flow gas turbines—the ducted-fan engines. 


Measuring the In-Flight Thrust Variable Noz- 
zle Jets. R.J. Patton. Space/ Aeronautics, Aug., 
1960, pp. 89, 90, 92-99 (ff.). Discussion of three 
techniques tried during B-58 in-flight thrust de- 
termination. 


An Approximate Investigation of the Effect of 
Boundary-Layer-Control Pumping on Powerplant 
Performance. T. F. Kirkwood. J. Aerospace 
Sci., Oct., 1960, pp. 799, 800. Analysis showing 
that turboprop engines suffer a greater loss due to 
pumping than turbojet engines, particularly at 
low flight speeds. At low flight speeds, duct loss 
tends to be the largest contributor to the suction 
drag coefficient. 


Rocket 


X-15’s Turbopump Arrangement Minimizes 
Temperature Effects. Des. News, Aug. 1, 1960, 
pp. 6, 7. Discussion of the design, particularly 
the relative mounting of the basic elements, of the 
X-15's new 50,000-lb.-thrust rocket engine. 
Description of the basic system is included. 

Conformal Transformation of a Solid Propellant 
Grain with a Star-Shaped Internal Perforation 
Onto an Annulus. H. B. Wilson, Jr. ARS J., 
Aug., 1960, pp. 780, 781. Army-sponsored re- 
search, 
Rocket Heat-Transfer Literature. R. W. 
Graham, G. Morrell, R. D. Turnacliff, J. H. 
Robinson, K. G. Englar, R. G. Deissler, D. R. 
Bartz, H. N. McManus, Jr., and E. E. Soehngen. 
ASME Trans., Ser. C — HT, Aug., 19€0, pp. 155- 
169. 191 tefs. Presentation of a literature sur- 
vey covering the following: rocket-engine heat 
sources, rocket cooling techniques, nozzle wall 
materials, variable fluid-property effects, predic- 
tions of thermal properties, and flow separation 
and acoustic effects. 

VR 3—Sweden’s First Pump Fed Liquid Rocket 
Engine. Bjorn Ankarsward. Astronautik, No. 
1, 1960, pp. 21-29. Description of the VR 3 
pump fed liquid rocket engine that uses a propel- 
lant combination 82 per cent hydrogen peroxide 
and jet engine fuel. The engine delivers 4,900 
Ibs. thrust at sea level, and—although developed 
as a booster for aireraft—can also be used in mis- 
siles and sounding rockets. 


patess-Strain Equations for Case-Bonded Solid 
opellant Grains. H. Parr. ARS J., Aug., 
=. pp. 77S, 779. 10 refs. Army-sponsored 
eéve‘opment of equations expressing elastic 
ee and strains in a three-material, composite, 
circular cylinder representing a case- 
nded propellant grain, liner, and motor case for 


loading conditions consisting of internal pressure, 
arbitrary radial temperature gradient, and volu- 
metric changes. 


Vernier Engines for Control, Guidance, Ac- 
celeration, Braking. . R. Stehling. Space/ 
Aeronautics, Aug., 1960, pp. 49-51. Review of 
applications and design techniques for vernier 
engines of all types in missiles and spacecraft. 
Performance requirements and development prob- 
lems are discussed. 


Aerodynamic Heating Charts for Solid Propel- 
lant Rocket Motors. G. Guinn. ARS J., 
Aug., 1960, pp. 776-778. Presentation of solu- 
tions for transient temperatures in a semi-infinite 
composite solid when the heat input is approxi- 
mated by a fifth-degree polynomial of time. 
These solutions are presented as charts from 
which the temperature history at several locations 
in a typical liner-propellant combination can be 
computed for a given aerodynamic heating input. 


The E-D Nozzle. G. V. R. Rao. Astronau- 
tics, Sept., 1960, pp. 28, 29, 50,51. Discussion of 
the expansion-deflection nozzle which, for the 
same static thrust as a conventional bell nozzle, 
offers both reduced size and weight and improved 
thrust performance at low altitudes. 


Plug-Nozzle Flexibility. 
Bruce Neuffer. Astronautics, Sept., 1960, pp. 
30, 31,52. Description of various configurations 
of the plug-nozzle and discussion of their possible 
applications. 


Turbopump Key to New X-15 Engine. William 
Beller. Missiles & Rockets, Aug. 15, 1960, pp. 
33, 34. Discussion of the unit which insures con- 
trollability and adequate fuel flow for Thiokol’s 
XLR99 power plant, including a description of 
engine, turbine, and pump characteristics. 


Variable-Thrust Rocket Engines and Their 
Modes of Operation. M. W. Cardullo. J. 
Aerospace Sci., Oct., 1960, pp. 793-795. Analysis 
of the various methods of achieving variable op- 
eration of liquid rocket engines. These include 
the following methods to vary thrust: (1) stepped 
chambers, (2) propellant throttling, (3) throat 
throttling, and (4) combination of throat and 
injection throttling. 


Kurt Berman and 


Production 


Minuteman in the Making. J. P. Kushnerick. 
Aircraft & Missiles, Sept., 1960, pp. 17-19. 
Description of the first-stage assembly sequence 
for the Minuteman missile. 


Die Fertigung der Hauptrotorblatter der ‘‘Alou- 
ette’’ II SE 3130. Luftfahrttechnik, June 10, 
1960, pp. 185-189. In German. Survey of the 
development in the construction of helicopter 
rotor blades by Sud-Aviation, and description of 
the manufacturing and test equipment. Also 
presented are details on the manufacture of main- 
rotor blades of the Alouette, describing the gen- 
eral structure of the blade, the various production 
stages, and the procedure for dynamically balanc- 
ing the finished blade. 


Metalworking 


New Nitriding Process for Increased Wear and 
Fatigue Resistance. . Shoemaker and George 
Bidigare. SAE Summer Meeting, Chicago, June 
5-10, 1960, Preprint 178B. 13 pp. Description 
of the Tufftride process which involves the im- 
mersion of the specimen in a specially formulated 
molten salt bath. The process is applicable to 
low-carbon, alloy, stainless tool steels, heat resist- 
ant steels, and grey, alloy, nodular or ductile, 
malleable and pearlitic irons. 

Beryllium Research for Development in the 
Area of Casting. fF. A. Crossley, A. G. Metcalfe, 
and W. H. Graft. USAF WADC TR 59-500, 
Feb., 1960. 92 pp. 32 refs. Presentation of 
the results of an investigation involving the fol- 
lowing: (a) X-ray determination of the direction 
of columnar growth in cast beryllium, (b) con- 
sumable arc melting, (c) reported allotropy by 
thermal analysis, (d) grain-refining inoculants, 
and (e) application of vibration to cast beryllium 
for grain refinement. 

Electrohydraulic Forming. !.. W. Herchenroe- 
der. Aircraft Prod., Aug., 1960, pp. 302, 303. 
Study of the electrical circuits for the application 
of the electrohydraulic forming process. 

Titanium Alloys Hot-Formed on Gas-Heated 
Stretch Press Dies. C. J. Morris, Jr. Space/ 
Aeronautics, Aug., 1960, pp. 117, 118, 122-126 
(ff.). Description of a method of hot forming, 
based on the use of natural gas burners and ap- 
plied in shaping titanium alloys for B-58 nacelle 
panel skins. 

Analysis of Power Spinning of Cones. Ap- 
pendix—Transformation of Co-Ordinate Systems 
and Mathematical Description of Toric Part of 
Roller. B. Avitzur and C. T. Yang. (ASME 
Annual Meeting, Atlantic City, Nov. 29-Dec. 4, 
1959, Paper 59—A-173.) ASME Trans., Ser. 
B - El, Aug., 1960, pp. 231-244; Discussion, 
Serope Kalpakcioglu, pp. 244, 245. Presentation 
of the mathematical description of the geometry 
of the cone, the roller, and the spinning operation. 

The Applications of Radioisotopes in Machining 
Operations. J. H. Tolan. SAE Summer Meet- 
ing, Chicago, June 5-10, 1960, Preprint 181C. 7 
pp. Discussion including the fundamentals of 
the process and its applications. 
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Machining Thin Discs. II—-Development in 
Balanced Contour Turning at Rolls-Royce. H. J. 
Pearson. Aircraft Prod., Aug., 1960, pp. 304-312. 
Discussion of the design and operation of a large 
and versatile machine for profiling Rolls-Royce 
Conway engine rotor discs. 


Radioisotopes Broaden the Approach to 
Machining Studies. Marko Paliobagis and E. J. 
Krabacher. SAE Summer Meeting, Chicago, 
June 5-10, 1960, Preprint 181A, 21 pp. 23 
refs. Discussion of the use of radioisotopes in the 
form of irradiated cutting tools to investigate the 
problems of tool wear as influenced by the numer- 
ous machining parameters. 


Advanced Steel Cutting Speeds Atlas Produc- 
tion. Space/ Aeronautics, Aug., 1960, pp. 71, 72, 
74, 76. Description of several cutting methods 
used in shaping steel parts and fixtures for the 
Atlas missile, including powder burner cutter for 
stainless steel and the crank press for cutting 
bulkhead gore skins. 


Determination of Cutter Trajectories for Con- 
toured Turbine Buckets. A . DeBiase. 
(ASME Annual Meeting, Allantic City, Nov. 29- 
Dec. 4, 1959, Paper 59-A-111.) ASME Trans., 
Ser. B- El, Aug., 1960, pp. 200-203; Discussion, 
W. W. Kuyper, p. 204. Presentation of a defini- 
tion of the turbine-bucket surface in terms of un- 
equally spaced cross sections along the length of 
the part. An interpolating procedure is employed 
to define the entire surface with properly faired 
transitions between the specified cross sections. 


Electron-Beam Processing. Aircraft Prod., 
Aug., 1960, pp. 282-286. Discussion of the Zeiss 
electron-beam process for working very hard 
materials. Advantages of its use in welding and 
drilling are presented. 


Numerical Control Gaining. S. P. Kaprielyan. 
Aircraft & Missiles, Sept., 1960, pp. 48-51. 
Discussion of some methods of numerical control 
for machining, used in the aerospace industry. 


Fusion Welding of Beryllium. T. J. Mec- 
Donald, N. F. Eaton, and D. B. Wright. Brit. 
Welding J., July, 1960, pp. 441-450. Discussion 
of equipment and conditions for experimental 
tungsten-arc inert-gas autogeneous fusion welding 
of beryllium. 

Brazing and Soldering of Beryllium. R. W. 
Keil, G. S. Hanks, and J. M. Taub. (AWS 41st 
Annual Meeting, Los Angeles, Apr. 25-29, 1960.) 
Welding J. Res. Suppl., Sept., 1960, pp. 406-s— 
410-s. Discussion of the methods investigated, 
equipment and material used, and experimental 
results from the initial developmental investiga- 
tion of the brazing and soldering of beryllium. 


Beryllium Joining WADC Sponsored Program. 
E. M. Passmore. USAF WADC TR 59-695, 
Pt. IJ, Apr., 1960. 113 pp. 25refs. Investiga- 
tion of methods for joining beryllium plates and 
rods (involving braze welding, fusion welding, and 
pressure welding) to develop improved methods 
for applications at both room and elevated tem- 
peratures. It is found that braze welding with 
silver filler metal and pressure welding without 
filler offer the most promise as useful joining 
techniques for beryllium. 


Spot Welding of Wrought HK31A, HM21A, and 
ZE10A Magnesium Alloys. Lloyd Lockwood. 
(AWS Natl. Fall Meeting, Pittsburgh, Sept. 
26-29, 1960.) Welding J. Res. Suppl., Sept., 
1960, pp. 369-s-378-s. Presentation of informa- 
tion of the newer wrought magnesium-base alloys 
using three-phase, low-frequency, converter-type 
spot-welding equipment. 

Weldability of Aluminum Casting Alloys with 
5086 Wrought Aluminum Alloys. M. S. Orysh 
and I. G. Betz. (AWS 4/st Annual Meeting, 
Los Angeles, Apr. 25-29, 1960.) Welding J. 
Res. Suppl., Aug., 1960, pp. 342-s—-351-s. _Investi- 
gation using Almag 35, Al-7% Mg, 214, 356, 42B 
and Al-7% Mg-3% Zn. The results of the study 
show that thin weldments are more apt to have a 
very poor joint efficiency due to lack of fusion if 
welded without a backing strip. 

Studies on Repair Welding Age-Hardenable 
Nickel-Base Alloys. W. ]. Lepkowski, R. E. 
Monroe, and P. J. Rieppel. (AWS Natl. Fall 
Meeting, Pittsburgh, Sept. 26-30, 1960.) Welding 
J. Res. Suppl., Sept., 1960, pp. 392~-s—400-s. 
Investigation to develop and evaluate techniques 
of repair welding that would prevent failure dur- 
ing subsequent heating to temperatures where 
ductilities are low. 

Investigation of Weldability of Ultra-High- 
Strength Steels. M. J. Albom and Ch. C. Tith- 
erington. (AWS Natl. Fall Meeting, Pittsburgh, 
Sept. 26-30, 1960.) Welding J. Res. Suppl., 
Sept., 1960, pp. 385-s-391-s. Investigation to 
produce full-penetration welds meeting a mini- 
mum yield-strength requirement of 220 ke. Four 
steels are welded with five commercial filler wires. 


Propellers 


Variable Camber Prop Studied for VTOL. 
Barry Tully. Av. Week & Space Tech., Aug. 15, 
1960, pp. 98, 99, 101. Discussion of the tandem 
variable camber propeller, including planned de- 
velopment programs, performance of the test 
model, and design potential. It is pointed out 
that the variable camber propeller presents a 
solution to the conflicting lift/drag requirements 
of take-off and cruise. In addition to VTOL ap- 
plications, the use of the variable camber propel- 
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ler to increase the on-station time of airborne 
early warning aircraft is considered. 


D. H. Propellers for the Tyne. M. E. L. 
Evans. The Aeroplane & Astronautics, Aug. 5, 
1960, pp. 159-161, cutaway drawing. Discussion 
of the design, operation, and safety features guard- 
ing against overspeeding of the de Havilland 
variable pitch feathering and reversing propeller 
designed for the Rolls-Royce Tyne, 


Reliability 


Predicting Reliability. M. I. Kaufmann and 

. A. Kaufman. Mach. Des., Aug. 18, 1960, pp. 
178-184. 1l2refs. Presentation of three methods 
for designing for required performance and life: 
the “standard”’ method, the method using rating 
factors, and relative-utility evaluation. 

Linear Contrasts. J. Ch. H. McCall, Jr. Ind. 
Quality Control, July, 1960, pp. 19-21. 11 refs. 
Discussion of four techniques in analysis of vari- 
ance study and their merits for detecting specific 
significant differences existing among a set of k- 
means. 


A Nomogram for Upper Confidence Limits to 
Percent Defective. A. L. Hardester and G. L. 
Burrows. Ind. Quality Control, July, 1960, pp. 
16-18. Presentation of a nomogram for the 
estimation of the long-run failure rate, the esti- 
mation of the size of the experiment for a specific 
confidence limit, and for the setting of nonpara- 
metric statistical tolerance intervals. The appli- 
cation of the chart is illustrated for each case. 


Research, Research Facilities 


Ob Avtokolebaniiakh Platformy! Dinamiches 
kogo Stenda. G. F. Miroshnichenko. Avtom. i 
Telemekh., Mar., 1960, pp. 293-300. In Russian. 
Determination of some characteristics of the 
motion of a platform which is part of a single- 
axis dynamic stand with an induction motor hav- 
ing a hollow rotor used in constructing and ad- 
justing automatic pilots. Conditions for the on- 
set of natural oscillations in the presence of dry 
friction in mountings are found. The dynamic 
system is represented by a two-dimensional 
mathematical model leading, in one case, to 
Milne’s equation and, in the other, to that of 
Lienard. 


Flight Testing 


Giant for Air Cargo. CEC Recordings, 2nd 
Quart., 1960, pp. 3-5. Discussion of the flight 
test program and equipment of the CL-44 prop- 
jet long-range transport. 


Wind Tunnels 


Supersonic-Wind-Tunnel Air-Drying-System 
Design. T. W. Macios. (ASME Annual Meet- 
ing, Atlantic City, Nov. 29-Dec. 4, 1959, Paper 
59-A-161.) ASME Trans., Ser. B - EI, Aug., 
1960, pp. 277-281. 15refs. Discussion of criteria 
for air-drying-system design. Various types of 
systems are examined and a method of drying- 
system selection is presented. 


La Soufflerie Pilote 4 Arc Bref de 1’O.N.E.R.A. 
H. Le Boiteux. La Recherche Aéronautique, 
Mar.-Apr., 1960, pp. 9-14. In French. De- 
scription of the ONERA pilot wind tunnel con- 
structed as part of the program involving the 
installation of a full-scale hypersonic tunnel. 
The operating principles of the small-scale version 
are covered along with the essential parameters, 
ns methods, and some experimental re- 
sults. 


Rotating Wing Aircraft, Helicopters 


uelques Aspects du Projet de 1’Hélicoptére 
a Stato-Réacteurs ‘‘Kolibrie’?’ H. 3. W. A. 
Kuipers. Tech. & Sct. Aéronautiques, Jan. -Feb., 
1960, pp. 15-19. In French. Investigation of the 
performance and design characteristics of the 
NHI Kolibrie H. 3, in order to study the applica- 
tion of the ram-jet concept to a light helicopter. 


The Helicopter as a Competitive Transport 
Vehicle. R. B. Lightfoot. AHS J., July, 1960, 
pp. 3-11. Discussion comparing the helicopter 
with hypothetical light-weight aerial transport 
machines. The flight characteristics, perform- 
ance, and economy of the helicopter and its 
derivatives-a compound and a convertiplane—are 
considered, and a study is made of a specific 
mussion. 


A Summary of Operating Conditions Exper- 
ienced by Two Helicopters in a Commercial and a 
Military Operation. A. B. Connor and L. H. 
Ludi. U.S., NASA TN D-251, Apr., 1960. 15 
pp. OTS, $0.50. Presentation of data obtained 
with an NASA helicopter VGHN recorder which 
represent 2,366 flights or 410 flying hours. 


Helicopter-Engine Acceleration-Time Require- 
me=ts Based on Pilot Demand During Recovery 
from Landing Flareouts. A. B. Connor. U.S., 
NASA TN D-370, May, 1960. 11 pp. OTS, 
$0.50. Presentation of flight measurements 
showing the times used by pilots to accelerate an 
engine from low to full power in a maneuver con- 
sidered to make the greatest demand on engine- 
response time. 


High-Tip-Speed Static-Thrust Tests of a Rotor 
Having NACA 63(2:;)A018 Airfoil Sections with 
and Without Vortex Generators Installed. J. P. 
Shivers. U.S., NASA TN D-376, May, 1960. 
21 pp. OTS, $0.75. Investigation to determine 
the maximum mean lift coefficients at low tip 
Mach numbers and the compressibility effects at 
high tip Mach numbers. 


Safety 


The Case for the Flight Data Recorder. In- 
teravia, Sept., 1960, pp. 1144, 1145. Discussion of 
the service which the MIDAS system might have 
rendered in determining the causes ot several 
crashes, had the aircraft been fitted with such a 
flight data recorder. MIDAS’ usefulness in 
providing a complete and permanent record of 
every important parameter throughout the life of 
an aircraft for the purpose of efficient repair and 
maintenance is also pointed out. 


Structures 


Initial Strains in the Matrix Force Method of 
Structural Analysis. J. H. Argyris and S. Kelsey. 

AeS J., Aug., 1960, pp. 493-495. Discussion of 
Grzedzielski’s objection to the concept of initial 
strains in the treatment of cut-outs and modifica- 
tions in structures, 


Bars & Rods 


An Investigation for the Determination of the 
Cross Sectional Dimensions of the Prismatic 
Bars in the Case of Uniaxial Repeated Loading. 
Orhan Unsac. Istanbul Tek. U. Bul., vol. 12, 
1959, pp. 85-98. 


On a Stability Criterion for Creep. S. A. 
Shesterikov. (Prikl. Mat. i Mekh., Nov.-Dec., 
1959, pp. 1101-1106.) PMM—Appl. Math. & 
Mech., No. 6, 1959, pp. 1574-1581. Translation. 
Study of the rectilinear forms of equilibrium, 
based on the stability of vibrations. 


Kruchenie Anizotropnogo Krivogo Brusa. S. 
G. Lekhnitskii. Prikl. Mat. i Mekh., May-June, 
1960, pp. 433-437. In Russian. Study showing 
that the rigid theory of torsion can be generalized 
to cover the case of a bar having a more complex 
anisotropy characterized by the fact that the 
plane of any cross section (radial) is the plane of 
elastic symmetry, being, otherwise, arbitrary. 


Beams & Columns 


Non-Linear Bending of a Cantilever Under 
Several Concentrated Loads. R. Frisch-Fay. 
Australian J. Appl. Sci., June, 1960, pp. 233-2438. 
Presentation of an analysis of beams with “‘large”’ 
delfections which utilizes the geometry of the 
elastic shape of the cantilever rather than the 
solution of the basic differential equations. The 
particular problem of the deflection under a num- 
ber of parallel loads is solved. 


The Bending and Shortening Effect of Pure 
Torque. M.Gregory. Australian J. Appl. Sci., 
June, 1960, pp. 209-216. Presentation of a 
general analysis of the bending and shortening of 
thin open-section members under pure torque, 
including also confirming experimental results. 


Cylinders & Shells 


Creep Deformation and Stresses in Pressurized 
Long Cylindrical Shells. M. P. Bieniek and A. 
M. Freudenthal. (USAF WADC TR 59-399, 
Mar., 1960.) J. Aerospace Sci., Oct., 1960, pp. 
763-766, 778. 


Zur Membran- und Biegetheorie der Kreiszy- 
linderschale fiir ein nichtlineares Elastizitats- 
gesetz. S. Tameroglu. IJng.-Arch., vol. 27, No. 
6, 1960, pp. 372-384. In German. Presentation 
of some applications of a nonlinear elasticity 
theory for small distortions, in the form proposed 
by Kauderer, to problems involving circular cylin- 
drical shells. 


Ustoichivost’ Konsol’noi Tsilindricheskoi Obo- 
lochki s Podkreplennym Kraem pri Deistvii 
Vneshnego Davleniia. V. M. Darevskii and R. 
I. Kshniakin. AN SSSR Dokl., Apr. 21, 1960, 
pp. 1294-1297. In Russian Study of the 
stability of a circular, cylindrical, ring-reinforced 
shell subjected to external pressure. 

Elasticity & Plasticity 

General Research in Flight Sciences—Mechan- 
ics of Deformable Bodies. II—The Initial 
Response of an Elastic Spherical Shell to a Step 
Pressure Wave. P. . Nachbar. Lockheed 
Aircraft Missiles & Space Div., vol. 11, TR LMSD- 
288139, Jan., 1960. 38 pp. Presentation of 
numerical results for stresses and radial accelera- 
tion in a steel shell submerged in water. Two 
formulations of the problem are considered — one 
including interaction and one neglecting it - and 
the results are compared. 


Continuation of Solutions of the Equations of 
Elasticity. ). H. Bramble. London Math. Soc. 
Proc., 3rd Ser., July, 1960, pp. 335-353. 35 refs. 
USAF-supported study considering the equations 
of static equilibrium for an isotropic elastic body 
with a portion of the boundary spherical (circu- 
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lar). Continuations are obtained for the solu- 
tions of these equations where the displacements 
vanish on the spherical surface or circular arc in 
three and two dimensions, respectively. The case 
where the normal stresses vanish on a circular are 
(two dimensions) is also treated. 

Nekotorye Osesimmetrichnye Zadachi Teorii 
Uprugosti. M. Ia. Belen’kii. Prikl. Mat. i 
Mekh., May-June, 1960, pp. 582-584. In Rus- 
sian. Application of analytic functions of a com 
plex variable to the solution of certain problems 
in the theory of elasticity in the case of axisym- 
metric deformation of bodies of revolution 

Ploskaia Zadacha Teorii Uprugosti dlia Besko- 
nechnoi Polosy pri Zadannykh na _ Granitse 
Napriazheniiakh ili Smeshcheniiakh. S. M 
Belonosov. AN SSSR Dorl., Apr. 21, 1960, pp 
1291-1293. In Russian. Derivation of a solu- 
tion for the two-dimensional problem in the theory 
of elasticity for the case of an infinite strip with 
given stresses or displacements along the bound- 
ary. 

The Plastic Coefficients for Work-Hardening 
Materials. W. H. Warner and P. Mahmoodi 
USAF WADC TR 59-674, Apr., 1960. 13 pp 
Evaluation of plastic coefficients in terms of 
material properties. The general form of the 
coefficients is given for various states of stress, 
and comparison with existing results is carried out 
as far as possible. 

Some Relations Between the Solutions of Plane 
and Axially Symmetric Problems in the Theory 
of Elasticity and the Solution of Axially Symmetric 
Problems by Means of Analytic Functions. A 
Ya. Aleksandrov. (AN SSSR _ Dok!., Dec. 1, 
1959, pp. 754-757.) Sov. Phys. - Dokl., May-June, 
1960, pp. 1378-1382. Translation. 

Power Law for Creep. B. J. Rigby. Brit. J 
Appl. Phys., July, 1960, pp. 281-283. Presenta- 
tion of a generalized form of a widely used power 
law for creep under constant load. The discus- 
sion is applicable to nonreversible creep pheno- 
mena or to reversible phenomena in which the re- 
covery mechanism is negligible under load, and 
for which a limiting strain is reached after a long 
time. 

A Study of Large Strains and the Effect of 
Different Values of Poisson’s Ratio. H. Fessler 
and B. H. Lewin. Brit. J. Appl. Phys., July, 
1960, pp. 273-277. Investigation using the 
frozen-stress photoelastic technique to study the 
stresses on the inner surfaces of T-junctions of 
pipes subjected to different internal pressures. 
The peak stresses are found to be proportional to 
the applied pressure. The peak strains at a T 
junction of hollow pipes under diametral com- 
pression were measured for identical shapes, made 
of materials of different Poisson’s ratios. The 
peak strains are found to be independent of 
Poisson's ratio. 


Fatigue 


Volny Napriazheniia v Uprugoi Plite. K. I. 
Agurtsov. Prikl. Mat. i Mekk., May-June, 
1960, pp. 438-446. In Russian. Study of the 
dynamic stresses in media obeying Hooke’s law 
For materials having similar elasticity and 
strength limits, the points at which cracks origi- 
nate can be determined. It is shown that the 
methods used for a free layer can be applied to 
the case of laminated media 


Plates 


Bending of Simply Supported Rectangular 
Plates with Clamped Portions Along Arbitrary 
Sections of the Edges. M. Kurata. /ng.-Arch., 
vol. 27, No. 6, 1960, pp. 385-416. Presentation 
of a theoretical solution obtained by means of 
determining the resisting moments introduced 
along the clamped portions of the edge which shall 
just cancel the slope of the surface of a plate. 
Numerical results are given for the square plates 
subjected to a uniformly distributed load 

The Initial Instability: of an Elastic Sheet 
Reinforced by Stringers and Skew Ribs. G. G. 
Pope. RAeS J., Aug., 1960, pp. 489-491. An- 
alysis of a reinforced sheet subject to the following 
loads: (a) uniform direct loading normal to the 
ribs, and (b) uniform shear loading relative to 
axes perpendicular and parallel to the ribs 
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Plates With Holes 


Bending Stresses Due to Temperature in 
Hollow Circular Plates. I. Malcolm Newman and 
Marvin Forray. J. Aerospace Sci., Oct., 1960, 
pp. 792, 793. Presentation of formulas and 
curves for deflection, moments, and shear in a 
circular plate with a concentric hole subject to a 
linear thermal gradient through the thickness. 
The boundary conditions considered include 
cases of damped outer radius coupled with 
damped, simple, or free inner boundary. 


Testing Methods 


Photoelastic Measurement of Surface Strain. 
. J. R. Linge. Aircraft Eng., Aug., 1960, pp. 
216-221. 51 refs. Study of surface strains in a 
metal component with optically sensitive mate- 
rial bonded to the component, and analysis of the 
photoelastic pattern produced under load by 
means of polaryzed light reflected from the sur- 
face of the metal. 


Thermal Stress 


Thermal Stresses in Design. XX{—Effect of 
Mean Stress and Strain on Cyclic Life. S. S. 
Manson. Mach. Des., Aug. 4, 1960, pp. 129-135. 
Presentation of a method for estimating the cyclic 
life in parts which have been subjected to tensile 
prestrain, considering stress components, multi- 
axiality, and prestrain in the plastic range. 

Thermal Stresses in Design. XXII—Cumula- 
tive Fatigue Damage. S. S. Manson. Mach. 
Des., Aug. 18, 1960, pp. 160-166. Discussion of 
factors in fatigue damage and of the crack initia- 
tion and propagation processes. The applic- 
ability aspect is emphasized, and mathematical 
formulations are included. 


Tubes 


Spannungen in anisotropen kreiszylindrischen 
Rohren. K.-H. Miiller. Jng.-Arch., vol. 27, 
No. 6, 1960, pp. 417-420. In German. Analysis 
determining the displacement and stress condi- 
tions in an anisotropic circular cylinder with 
arbitrary cylindrical boundary loads. It is 
pointed out that a suitable relationship between 
the direction of the anisotropy and the load makes 
possible an optimal use of materials. 

Zadacha Sen-Venana dlia Tonkostennykh 
Trub s Krugovoi Os’iu. K.F. Chernykh. Prikl. 
Mat. i Mekh., May-June, 1960, pp. 423-432. 
In Russian. Presentation of a uniform approach 
to the problem of deformation for tubes free of 
surface loading and subjected to edge loading of 
the general type. The problem is treated as that 
in the theory of thin shells. The boundary condi- 


tions at the edges are satisfied according to Saint 
Venant. 


Thermodynamics 


Intermolecular Forces From Diffusion and 
Thermal Diffusion Measurements. S. Weiss- 
man, S. C. Saxena, and E. A. Mason. Phys. 
Fluids, July-Aug., 1960, pp. 510-518. 30 refs. 
Analysis of experimental values of the diffusion 
coefficient and the thermal diffusion factor for the 
systems He-Ar, He-CO2, and He-COs over a tem- 
perature range of about —78° to 325°C., testing 
the Lennard-Jones and the exp-6 intermolecular 
potentials, as well as the combination rules us- 
ually used in conjunction with these potentials. 

High Temperature Heat Transfer to Tubes and 
Nozzles—-Thermodynamic and Electrical Prop- 
erties of Mercury Vapor at Pressures Below 
Atmospheric and High Temperatures. A. Sher- 
man and F. Martinek. G-E FPLD TN (AFOSR 
TN 60-657) [AD 215841], Feb. 1, 1959-Feb. 28, 
1960. 39 pp. 16 refs. Calculation of thermo- 
dynamic properties of Mercury vapor at tempera- 
tures up to 15,000°K. and pressures between 
atmospheric and 10-4 atm. 


Combustion 


Detonatsionnye Protsessy. K. I. Shchelkin. 
AN SSSR Vestnik, Feb., 1960, pp. 12-20. In 


Russian. Discussion of results obtained on the 
propagation of flame in gases. The classical 
detonation theory based on the theory of shock 
waves is evaluated, the phenomenon of spin de- 
tonation is analyzed, and the applicability of the 
theory is illustrated on the case of rocket combus- 
tion chambers. 


The Film Vaporization Combustor. A. W. 
Hussmann and W. Maybach. SAE Summer 
Meeting, Chicago, June 5-10, 1960, Preprint 187 B. 
23 pp. Study showing that the principles of the 
M-system for Diesel engines are applicable to con- 
stant pressure burners. The problems of the 
formation, spread, stability, and vaporization of 
fuel film are discussed. 


Luminosity and Pressure Oscillations Observed 
with Longitudinal and Transverse Modes of 
Combustion Instability. M. J. Zucrow, J. R. 
Osborn, and A. C. Pinchak. ARS J., Ausg., 
1960, pp. 758-761. Navy-sponsored study of 
combustion pressure oscillations in two gaseous 
bipropellant rocket motors. The geometries of 
the two motors were different so that one rocket 
motor tended to exhibit only the longitudinal 
mode, while the other displayed only transverse 
modes of oscillation. The results indicate that 
the reaction mechanism which sustains the 
longitudinal mode is similar to the aerother- 
modynamic interaction which supports the trans- 
verse modes of combustion pressure oscillation. 


O Vliianii Davieniia na Skorost’ Laminarnogo 
i Turbulentnogo Goremia. V.P. Karpov and A. 
S. Sokolik. AN SSSR Dokl., June 21, 1960, pp. 
1341-1343. 11 refs. In Russian. Determina- 
tion of the effect of pressure on the velocity of 
laminar and turbulent combustion. 


Optical Methods for the Study of Flames in 
Turbulent Pre-Mixed Gas Streams. M. D. 
Fox and F. J. Weinberg. Brit. J. Appl. Phys., 
July, 1960, pp. 269-273. 17 refs. Presentation 
of three optical methods for the investigation of 
flame processes in turbulent gases. All are based 
on ray deflection by the steep refractive-index 
gradient occasioned by large temperature and 
composition changes across the flame front. 
Their purpose and use are discussed and illustrated 
by examples of the records obtained. 


Heat Transfer 


A Review of Heat Transfer Literature 1959. 
E. R. G. Eckert, J. P. Hartnett, T. F. Irwin, Jr., 
and E. M. Sparrow. (Ind. & Eng. Chem., Apr., 
1960, pp. 327-339.) Mech. Eng., Aug., 1960, pp. 
47-61. 311 refs. 


Nearly Quasi-Steady Free Convection Heat 
Transfer in Gases. E. M. Sparrow and J. L. 
Gregg. ASME Trans., Ser. C - HT, Aug., 1960, 
pp. 258-260. Analysis determining the _first- 
order deviations from the quasi-steady condition, 
as well as a criterion to distinguish when the heat 
transfer is essentially quasi-steady. 


Improved Lumped Parameter Method for 
Transient Heat Conduction Calculations. H. 
Elrod, Jr. (ASME-AIChE Heat Transfer 
Conf., Storrs, Conn., Aug. 9-12, 1959, Paper 59- 
HT-28.) ASME Trans., Ser. C - HT, Aug., 
1960, pp. 181-187; Discussion, J. S. Thomsen, pp. 
187,188. Presentation of a general mathematical 
method suitable for the ‘lumping’ of many 
damped linear systems when the response func- 
tion and the forcing function can be related by a 
convolution integral. The method is illustrated 
by application to transient heat conduction in 
slabs and cylindrical rods. 


Unsteady Turbulent Heat Transfer in Tubes. 
E. M. Sparrow and R. Siegel. (ASME-AIChE 
Heat Transfer Conf., Storrs, Conn., Aug. 9-12, 
1959, Paper 59-HT-16.) ASME Trans., Ser. 
C - HT, Aug., 1960, pp. 170-178; Discussion, 
Kwang-tzu Yang, pp. 179, 180. Presentation of 
an analysis of the unsteady turbulent heat trans- 
fer in a circular tube whose wall temperature 
varies arbitrarily with time. The formulation 
permits the heat-transfer coefficient to vary with 
time and position in accordance with the energy 
conservation principle. 


Experiments on Heat Transfer from Spheres 
Including Combined Natural and Forced Con- 
vection. T. Yuge. (ASME Annual Meeting, 


Atlantic City, Nov. 29-Dec. 4, 1959, Paper 59-A- 
123.) ASME Trans., Ser.C - HT, Aug., 1960, 
pp. 214-220. 20refs. Discussion of experiments 
on heat transfer between spheres and air flow 
carried out in the range of Reynolds numbers 
from 3.5 to 1.44 X 105 and Grashof numbers from 
1 to 10°. 


New Experiments on Convection: The Forma- 
tion of Ring Cells. H.v. Tippelskirch. (OSTIV 
7th Congr., Leszno, Poland, June, 1958.) Schwei- 
zer Aero-Rev., Apr., 1960, pp. 253, 254. Study 
made to demonstrate the convective motion con- 
sidered by Zierep on the basis of a special solution 
of the Rayleigh-Jeffreys theory. 


On Combined Free and Forced Convection in 
Channels. L. N. Tao. (ASME Annual Meet- 
ing, Atlantic City, Nov. 29-Dec. 4, 1959, Paper 
59-A-77.) ASME Trans., Ser. C - HT, Aug., 
1960, pp. 233-238. 18 refs. Presentation of a 
new approach to the heat-transfer problems of 


- combined free and forced convection by a fully 


developed laminar flow in a vertical channel of 
constant axial wall temperature gradient with or 
without heat generations. For illustration pur- 
poses, the cases of flows between parallel plates 
and in a rectangular channel are treated. 


Combined Free and Forced-Convection Heat- 
Generating Laminar Flow Inside Vertical Pipes 
with Circular Sector Cross Sections. Pau-Chang 
Lu. (ASME Annual Meeting, Atlantic City, 
Nov. 29-Dec. 4, 1959, Paper 59-A-145.) ASME 
Trans., Ser. C - HT, Aug., 1960, pp. 227-232. 
11 refs. 


VTOL & STOL 


Vertical-Takeoff Aircraft. J. P. Campbell. 
Sci. Am., Aug., 1960, pp. 41-49. Discussion of 
the performance and of the various types of 
VTOL and STOL aircraft. 


A Comparison of Helicopter with V /STOL Air- 
planes. R.G. Ferry. AHS J., July, 1960, pp. 
20-23. Discussion-from the viewpoint of mili- 
tary needs-of the performance characteristics of 
helicopters and V/STOL aircraft. 


The Relative Worth of VTOL Aircraft Types 
R. L. Lichten. AHS J., July, 1960, pp. 12-17. 
Evaluation of the economics of certain advanced 
VTOL aircraft types, if such types were developed 
into fully operational versions. On the basis of a 
technical comparison, it is concluded that ad- 
vanced VTOL airplane designs cannot compete 
with equally advanced helicopter designs in 
short-range transport work. For distances over 
400 miles, however, the VTOL design shows sub- 
stantial advantages. 


Lift-Fan Engine Shows VTOL Potential. J. 
S. Butz, Jr. Av. Week & Space Tech., Aug. 8, 
1960, pp. 94, 95, 98, 99, 101. Discussion of the 
test program and some design features ofa lift-fan 
engine for VTOL aircraft, including consideration 
of the advantages of the lift-fan concept. 


Hovering and Transition Flight Tests of a 1/5- 
Scale Model of a Jet-Powered Vertical-Attitude 
VTOL Research Airplane. Ch. C. Smith, Jr. 
U.S., NASA Memo. 10-27-58L, Dec., 1958. 30 
pp. Investigation including stability and control 
flight tests of the basic model configuration anda 
study of the effects of engine gyroscopic moments 
on stability and control. 


Expérience Tirée des Essais en Vol d’un Ap- 
pareil V.T.O.L. a Aile Basculante. W. Z. Step- 
niewski. (4th Internatl. Aero. Congr. on Rotary 
Wings & Vertical Flight, Paris, June 15-19, 
1959.) Tech. & Sci. Aéronautiques, Jan.-Feb., 
1960, pp. 1-14. 17 refs. In French. Presenta- 
tion of the design principles, construction, flight 
test results, and control, stability, and vibration 
problems of a tilt wing VTOL aircraft. 


Symposium on Recovery of Space Vehicles Proceedings 
All unclassified papers presented at the IAS Symposium on Recovery of Space Vehicles, plus 5 declassified 
papers, have been compiled into a book of proceedings—104 pages. 
IAS Member Price—$4.00 Nonmember Price—$8.00 
Special Publications Dept., IAS, 2 E. 64th St., New York 21, N.Y. 
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4 
# 
The Helicopter and Other VTOL Aircraft, a 
Critique. J. P. Reeder. AHS J., July, 1960, et oe 
pp. 18, 19." Discussion of the operation and per- 
formance of VTOL aircraft, concluding that there ge a 
is no serious competition between helicopters, se = - 
compound helicopters, and more exotic VTOL air- ae ee 
craft, since they fall into different spectra of 
operation and are, rather, complementary. 


SHERMAN M. FAIRCHILD PUBLICATION FUND PAPERS 


No. Member Nonmem. No. Member Nonmem. 
FF-4 Finite Deflections of Curved Sandwich 
Plates and Sandwich Cvlinders— 
Leaning, Jr $3.00 $6.00 F.K. Teichmann and Chi-Teh Wang. $0.50 $0.85 
FF-28 Elementary Mechanics of Turbulent FF-3 The Penetration of a Fluid Surface by e 
Fluid Motion—Max M. Munk 2.00 4.00 
FF-27 A Magnetic Support for Floated Inertial 4% 
Instruments—P. J. Gilinson, Jr., 286 Linearized Treatment of Supersonic 
W. G. Denhard, and R. H. Frazier 2.00 4.00 
. J. Lina, D. J. Maglieri, H. H. 
Hubbard, J.B. Pearson, Jr, Re J. 
Pfeiffer, B. C. Monesmith, R. A. 229 Wave Profile of a Vee-Planing Sur- 
Bailey, and R. H. Miller. 1.50 3.00 face, 
ead-Kise urtace—txperimenta! 
FF-24 ao “wer Missile Nese Cones Towing Tank, Stevens Inst. of Tech. 1.20 1.60 
—A. . Morgan and Carlos H. : 
FF-23 =A Matrix Approach to Flutter Anal- Towing Tank, Stevens Inst. of Tech. 1.20 1.60 
ysis—William P. Rodden. 0.75 1.50 169 The Discontinuous Fluid Flow Past an 
FF-22 Methods of Boundary-Layer Control Immersed Wedge—Experimental 
ant Towing Tank, Stevens Inst. of Tech. 0.75 1.00 
eting an ther Eitects o Ock- i e 
and C. M. Stuart. 1.50 3.00 Towing Tank, Stevens Inst. Tech. 1.20 1.60 
FF-18 On the Main Spray Generated by istributi 
and John P. Breslin. 0.75 1.25 —Experimental owing — Tank, 
FF-17 = Atomic Reactors (¢ Symposium). 125 1.75 Stevens Inst. of Tech. 0.75 1.00 
FF-14 sin ine. Man. t Philoso- sap 106 Measurement of § Tem- 
phies symposium). erature in sht—W. Lavern 
FF-12 — Transonic Testing Techniques (a Sym- owland. 0.35 0.50 
posium). 1.85 2.50 104 Tensor Analysis of Aircraft Structural 
FF-10 Improved Solutions of the Faulkner Vibration—Charles E. Mack, Jr. 1.85 2.50 
ond Equation 102 Swein Goose Ap- 
—A. M. O. Smith. i to Wind-Tunnel Balances— 
x-) A Hydrodynamic Study of the Chines- Goer C. Lundauist. 0.60 0.80 
y—Experimental 
anin perimen 
Towing Tonk. Stevens Inst. of Tech. 1.20 1.60 Introduce 2.65 3.50 
FF-7 Natural Flight and Related Aeronau- 100 Blade Pitching Moments of a Two- 
tics—James L. G. Fitz Patrick. 2.65 3.50 Bladed Rotor—R. W. Allen. 0.75 1.00 


Order by number from: Special Publications Dept., |AS, 2 E. 64th St., New York 21, N.Y. 


SPECIAL IAS PUBLICATIONS 


Member Nonmember 


Price Price 

Aeronautical Engineering Index - 1957 and 1956... 10.00 15.00* 

1955, 1954, 1953, 1952, 1951, 1950, 1949,1948 1947 (each) . 3.00 5.00* 
National Symposium on Hypervelocity Techniques Proceedings - 1960.....................:.... 5.00 10.00* 
Recovery of Space Vehicles Symposium Proceedings - 1960 4.00 8.00* 
Manned Space Stations Symposium Proceedings - 1960... 5.00 10.00* 
National Specialists Meeting on Guidance of Aerospace Vehicles Proceedings - 1960............ 5.00 10.00* 
Frontiers of Science & Engineering Symposium Proceedings - 1959...... 5.00 10.00* 
National Specialists Meeting on Dynamics and Aeroelasticity Proceedings -1958................. 3.50 6.00* 
Weapons System Management-National Midwestern Meeting Proceedings -1957................. 1.50 9.50* 
National Naval Aviation Meeting Proceedings - 1957... 3.00 5.00* 
Fourth Turbine-Powered Air Transportation Meeting Proceedings 0005. 2.00 4.00* 
Second Turbine-Powered Air Transportation Meeting Proceedings... 3.50 6.00* 
1959 National Telemetering Conference Report 3.00 4.00* 
Second International Aeronautical Conference Proceedings... 5.00 5.00* 


*Add $1.00 for orders outside the U.S.A. 


These may be obtained by writing to: Special Publications Dept., IAS, 2 E. 64th St., N.Y. 21, N.Y. 
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. . . in the field of aeronautical engineering and space technology 


AERODYNAMICS 


Rarefied Gas Dynamics; Proceedings of the 
First International Symposium Held at Nice. 
Edited by F. M. Devienne. London, New York, 
Pergamon Press, 1960. 442pp. $17.50. 

Contents: The Use of Low-Density Wind 
Tunnels in Aerodynamic Research, J. R. Stalder. 
The ARDE Low-Density Wind Tunnel, W. A. 
Clayden. Techniques of Measurement in Rare- 
fied Gases, I. Estermann. Techniques of Meas- 
urements, Flow Visualization, F. C. Hurlbut. 
The Application of Supersonic Beam Sources to 
Low Density, High Velocity Experimentation, 
H. M. Parker, A. R. Kuhithau, R. Zapata, and 
J. E. Scott, Jr. La Suspension Magnetique 
O.N.E.R.A. (Magnetic Suspension O.N.E.R.A.), 
M. Tournier, P. Laurenceau, and G. Dubois (In 
French). Theory of Rarified Gases, H. Grad. 
Recent Investigations of the Boltzmann Equation, 
E. P. Gross. The Boltzmann-Maxwell Equation 
as the Fundamental Equation of Gas Dynamics, 
T. Koga. Experiment Versus Kinetic Theory 
for Rarified Gases, F. S. Sherman and L. Talbot. 
Recent Low-Density Experiments Using Rotating 
Cylinder Techniques, A.R.Kuhlthau. Rayleigh's 
Problem at Low Reynolds Number According 
to the Kinetic Theory of Gases, Hsun-Tiao Yang 
and L. Lees. Contributions to the Theory of 
Almost-Free-Molecule Flows, V. C. Liu. Theo- 
retical Solutions to Some Nearly Free Molecular 
Problems, D. R. Willis. Aerodynamics of Rare- 
fied Gases, R. F. Probstein. The Study of Bound- 
ary Conditions in Slip-Flow Aerodynamics, R. 
E. Street. Slip Flow over a Short Flat Plate, 
J. A. Laurmann. The Drag of a Sphere Which 
Moves at High Speed through a Rarefied Gas, P. 
Welander. Aerodynamic Coefficients of a Pointed 
Cone at Angles of Attack in Rarefied Gas Flow, 
V. A. Langelo and A. Lengyel. On the Funda- 
mental Aspects of Free Molecule Flow, M. Z. v. 
Krzywblocki. Considérations Générales sur 
|’ Aérothermique des Gaz Raréfiés (General Con- 
siderations on Rarefied Gases), E. A. Brun (In 
French). Quelques Remarques sur le Régime 
Moléculaire Libre (Some Remarks on Free Mole- 
cule Flow), F. M. Devienne (In French). Deter- 
mination of Fundamental Atomic and Molecular 
Properties from Gas Dynamic Measurements, W. 
C. Griffith. Mise en Evidence des Différents 
Régimes d’Ecoulement dans les Gaz Raréfiés 
d’aprés la Methode du Bras Tournant (Investiga- 
tion of the Various Flow Regimes in Rarefied 
Gases According to the Turning Arm Method), 

Crave. Plama Dynamics—from Gas Dy- 
namic Point of View, Shih-I Pai. A Propos de 
la Conduction de la Chaleur dans les Gaz Raré- 
fiés (On Heat Conduction in Rarefied Gases), P. 
Vernotte (In French). A Discussion of Magnetic 
Boundary Layers with Boundary Conditions 
Assimilating Combustion, Blowing or Sublima- 
tion at the Wall, P. S. Lykoudis. Continuum 
Theory and Rarefied Hypersonic Aerodynamics, 
R. F. Probstein. Mouvement d’un Gaz Elec- 
trisé trés Raréfié en Presence des Parois Diffus- 
antes (Movement of a Highly Electrified Gas in 
the Presence of Diffusing Walls), M. Lune and J. 
Lubonski (In French). 


AEROSPACE TECHNOLOGY 


Proceedings of the Ninth International Astro- 
nautical Congress, Amsterdam, 1958. Editor-in- 
hief: F. Hecht. Vienna, Springer-Verlag, 
1959. 2Vols. 970 pp. $49.50 the set. 

Contents: 1, Astronautics, General: Relativi- 
tatstheorie und Astronautik (Relativity Theory 
and Astronautics), F. Cap. Considerations of 
the Solar Probe, R. P. Haviland. Accuracy 
Requirements for Interplanetary Ballistic Tra- 
jectories, T. A. Magness, J. B. McGuire, and O. 
K. Smith Interplanetary Trajectories with Ex- 
cess Energy, W. E. Moeckel. An Interplanetary 
Navigation System, E. V. Stearns. 

2, Upper Atmosphere Research: On the Mech- 
anisms of Atmospheric Ablation, S. I. Cheng. 
Exploration of the Upper Atmosphere by the 
yg of the Third Soviet Sputnik, V. I. Krassov- 


y. 

mentee testes of Space Flight: Sur le Danger 
étéoritique en Astronautique (The Meteoritic 
Danger in Astronautics), N. Boneff. Die Anwen- 
dung der Grébner’schen Methode zur Lésung 
von Differcntialgleichungen auf das astronau- 
tothe n-Korperproblem (Application of the 
stern Method for the Solution of Differential 
Tauations ot the n-Body Problem), F. Cap. 
Tauications for Increased Cosmic Radiation in the 
nterplanetary Space, A. Ehmert. Fiinf Arten 


von 6ékospharischen Planeten (Five Types of 
Ecospheric Planets), J. Gadomski. Microwave 
Measurements of Electron Densities in Ionized 
Gases, W. Low and Y. Manheimer. Scientific 
Problems in Cislunar Space and their Explora- 
tion with Rocket Vehicles, S. F. Singer. The 
Physical Conditions on the Planet Mars, A. J. 

1. Wanders. Notes on the Immediate Feasi- 
bility of an Orbiting Astronomical Telescope, 
F. L. Whipple. Kiinstliche Kernenergiequellen 
im kosmischen Raum (Artificial Nuclear Energy 
Sources in Cosmic Space), O. S. Wolcezek. 

4, Astronautical Engineering: Some Results 
from Direct Methods Applied to Optimum Rocket 
Trajectories, . Faulkner. Problems of 
Hypersonic Flight at the Re-Entry of Satellite 
Vehicles, R. Hermann. Impulsive Midcourse 
Correction of a Lunar Shot, M. W. Hunter, W. 
B. Klemperer, and R. J. Gunkel. On the Degree 
of Accuracy to be Attained by Astro-Scanners as 
an Aid in Automatic Interplanetary Course- 
Computation, J. J. de Kler. On the Orbital 
Computations and the Guidance Problem of a 
Deep Space Rocket, J. M. J. Kooy. Automa- 
tion for Interplanetary Navigation, A. Lopes 
Cardozo. Panatrack—A Suggested Method of 
Status Display for Space Travel, E. J. Madden. 
General Variational Theory of the Flight Paths 
of Rocket-Powered Aircraft, Missiles, and Satel- 
lite Carriers, A. Miele. General Guidance and 
Control Concepts for Satellites and Space 
Vehicles, R. E. Roberson. From Balloon Cap- 
sules to Space Cabins, O. C. Winzen. 

5, Propulsion: A System of Rocket Propul- 
sion Using Reactors and Gas Turbines, J. Ackeret. 
Chemical Propulsion in the New Space Age, D. 
Altman. Autopropulseurs Fissiothermiques (Fis- 
sion-Thermal Power Plants), J. J. Barré. Be- 
schleunigung leitender Partikel durch magnetische 
Wanderfelder (The Acceleration of Charged 
Particles by a Moving Magnetic Field), H. 
Bednarezyk. Plasma Motors: The Propulsion of 
Plasma by Magnetic Means, W. H. Bostick. 
Fliissige und feste Treibstoffe fiir Raketen (Solid 
and Liquid Propellants for Rockets), E. Biichner. 
Etude Théorique de la Combustion de Gouttes 
d’Ergols dans une Chambre de Combustion de 
Propulseur-Fusée (Theoretical Study of the Com- 
bustion of Propellant Droplets in a Rocket Motor 
Combustion Chamber), J. Corbeau and C. Diot. 
The Supersonic Flow about a Blunt Body of 
Revolution for Gases at Chemical Equilibrium, 
F. G. Gravalos, I. H. Edelfelt, and H. W. Em- 
mons. Internal Energy of Highly Ionized Gases, 
J. Hilsenrath, M. S. Green, and Ch. W. Beckett. 
Eiectric Power for Space Flight, J. H. Huth. 
Space Propulsion by Interstellar Gas, B. Karlo- 
vitz and B. Lewis. Magnetofluidmechanics; 
A General Lecture, Th. von Karman. Ona Class 
of Compressible Laminar Boundary Layers with 
Pressure Gradient for an Electrically Conducting 
Fluid in the Presence of a Magnetic Field, P. S. 
Lykoudis. Application of Electric-Arc Plasma 
Generators to Propulsion, M. E. Malin, R. John, 
W. Bade, R. Schweiger, and J. Yos. Magneto- 
Fluid-Dynamics of Two Interacting Streams, 
L. G. Napolitano. Prestazioni-Limite delle 
Astronavi a Propulsione Jonica Sfruttanti 1'En- 
ergia di Fissione dei Nuclei di Uranio o di Fusione 
dei Nuclei di Deuterio (Limit Performances of 
Ion Propulsion of Space Ships Employing Fission 
Power of Uranium Nuclei or Fusion Power of 
Deuterium Nuclei), E. Ostinelli. General Sur- 
vey in the Ramjet Field and its Significance to 
Astronautics, G. Partel. Utber die Verwend- 
barkeit von atomarem Wasserstoff als Treibstoff 
fiir Fliissigkeitsraketen (Atomic Hydrogen as 
a Propellant for Liquid Rockets), W. Peschka. 
Combustion Instability in Solid Propellant Rocket 
Motors, E. W. Price. Contoured Rocket Nozzles, 
G. V. R. Rao. The Recombination of Atoms, 
and other Energy-Exchange Reactions, O. K. 
Rice. Strahlungsquellen fiir Photoenstrahlan- 
triebe (Sources of Radiation for Photonic Jet 
Propulsion), E. Sanger. Uber Arbeitsgase fiir 
nicht konventionell beheizte Raketen (Concern- 
ing Working Fluids for Unconventionally Heated 
Rocket Engines), I. Sanger-Bredt. Contribu- 
tion de la Thermodynamique 4a 1|’Evaluation des 
Possibilités ou Performances des Fusées (Contri- 
bution of Thermodynamics to the Evaluation of 
Possibilities or Performances of Rockets), M. 
Serruys. Electrical Propulsion Systems in Space 
Flight, L. R. Shepherd. Advanced Propulsion 
Systems for Space Vehicles, E. Stuhlinger. Si- 
militudes and Limitations in Trans-Conventional 
Propulsion Systems, G. C. Szego. Note on the 
Optimum Design of Solid Propellant Power- 
Plants for Missiles Systems Engineering, J. A. 
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Vandenkerckhove. Die Erreichung von Aus- 
strémgeschwindigkeiten bis 20000 m/s durch 
isotherme Expansion in Kernraketen (The Attain- 
ment of Exhaust Velocities up to 20000 m/sec by 
Isothermal Expansion in Nuclear Rockets), F. 
Winterberg. Le facteur de Débit, Caractéristi- 
que de la Qualité de la Combustion dans un 
Propulseur-Fusée (The Flow-Rate Coefficient 
as a Characteristic of Combustion Quality in a 
Rocket-Motor), W. Zangl. 

6, Artificial Satellites: The Explorers, W. von 
Braun. Sul Tempo di Vita dei Satelliti Artificiali 
(On the Lifetime of Artificial Satellites), C. Casci 
and V. Giavotto. Scientific Results from the 
Explorer Satellites, A. R. Hibbs. Die photo- 
graphische Beobachtung kiinstlicher Satellitoide 
(The Photographic Observation of Artificial 
Satellitoides), W. J. Jaschek. On the Develop- 
ment of Orbital Techniques (A Classification of 
Orbital Carriers and Satellite Vehicles.), H. H 
Koelle. Techniques of Analysing Terrestrial 
Radio and Optical Observations of Earth Satel- 
lites, R. H. Merson. The Motion of an Earth 
Satellite on Re-Entry to the Atmosphere, T. 
Nonweiler. Preliminary Summary of Optical 
Observations of Artificial Earth Satellites, K. F. 
Ogorodnikov. Principles of Inertial Control of 
Satellite Attitude, R. E. Roberson. Der Einfluss 
der Genauigkeit des Geschwindigkeitsvektors auf 
kreisnahe Bahnen kiinstlicher Satelliten (The 
Influence of the Precision of the Velocity Vector 
on Nearly Circular Orbits of Artificial Satellites), 
K. Schiitte. Dinamicheskie Effekty v Dvizhenii 
Iskusstvennykh Sputnikov Zemli (Dynamic 
Effects on the Motion of Earth Sputniks), L. I. 
Sedov (In Russian). Satellite Position Predic- 
tion from Six Frequency-Time Pairs, R. H. 
Urbano. Radiation Measurements from Ex- 
plorer IV, J. A. Van Allen, C. MclIlwain, and G. 
Ludwig. 

7, Space Biology and Medicine: Flight Ex- 
periments about Human Reactions to Accelera- 
tions Which are Followed or Preceded by Weight- 
lessness, H. von Beckh. Untersuchungser- 
gebnisse der biologischen Wirkung der Kosmis- 
chen Strahlung auf Samen von Hcrdeum (Gold- 
gerste) Bonus 01518/B 19 (GUSTAFSSON) mit 
besonderer Beriicksichtigung der Schweren Pri- 
maren (Results of Experiments on the Biological 
Effects of Cosmic Radiation on Seeds of Hordeum 
Bonus 01518/B 19 Gustafsson, with Special 
Consideration on the Effects of Heavy Primaries), 
J. Eugster, R. Koblet, and D. Simons. Human- 
Factors Requirements for Putting a Man in Orbit, 
S. J. Gerathewohl and G. R. Steinkamp. Prob- 
lems of Ground Simulation of Long Range Space 
Flight Environmental Conditions, T. C. Helvey. 
— Reflections on Space-Travel, J. Jong- 


BIOLOGY 


Space Biology; The Human Factors in Space 
Flight. James Stephen Hanrahan and David 
New York, Basic Books, Inc., 1960. 
263 pp. $6.00. 

An historical survey of research accomplish- 
ments. In the /ntroduction, the authors review 
the evolution of man’s desire for interplanetary 
flight and the development of his sciences and 
technology to the point where this is possible. 
Both the activating motivation and the early 
technical contributions are discussed in some 
detail, as is the expected impact of astronautics 
upon mankind in general. 

The major portion of the volume is concerned 
with the design and operation of manned space 
vehicles, the effects of g-forces and weightless- 
ness, and the hazards of radiation in space. 

Drs. Hanrahan and Bushnell are both associ- 
ated with the historical division of the Air Force 
Missile Development Center, Holloman Air Force 
Base, N.M. 


ELECTRONICS 


Proceedings of the 1958 National Symposium 
on Telemetering, September 22-24, 1958, Miami 
Beach, Fla. Sponsored by the IRE Professional 
Group on Telemetry and Remote Control. New 
York, IRE, 1958. 623 pp. $5.00. 

Contents: Digital Techniques: A Novel Tech- 
nique for Direct Digital Conversion of Pulse- 
Width Multiplexed Data, F.T. Chambers. Ayto- 
matic Reduction of Large Volume Test Data, 
I. S. Oscar and W. J. Popowsky. A Transistor- 
Driven Magnetic-Core Memory Using Non- 
Coincident Current Techniques, R. L. Koppel. 
A Range Time Decoder, H. A. Kirsch. 
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Transistorized Telemetry Components: A Tran- 
sistorized Analog Signal Converter for Missile 


Telemetry, R. P. Kittel. Analysis and Per- 
formance Characteristics of Transistorized Sub- 
carrier Oscillator Circuits for Airborne Tele- 
metering, M. M. Wilkinson. A Transistorized 
Voltage Controlled FM Subcarrier Oscillator, 

. M. Chwastyk. Completely Transistorized 
Current/Voltage Controlled Oscillator, W. H. 
Foster. A Transistorized Calibrator for Missile 
Telemetry, O. B. King. 

Telemetry in Space: Advanced Telemetry 
Techniques, H. Scharia-Nielsen. Radiation and 
Propagation of Telemetry Signals During Hyper- 
sonic Re-Entry, E. Langberg, K. Baldwin, and a. 
Yos. Some Factors in Instrumenting a Missile 
Nose Cone During Re-Entry, M. Berkowitz. 
Modulations Imposed On A Radio Signal By 
Satellite Motions, A. T. Waterman, Jr. Satellite 
Environment Via One-Milliwatt Oscillators, F. 
M. Riddle. 

New Compenents in Telemetry: A Real Time 
Complex Wave Analyzer, C. W. Spindler, Jr. 
Phase-Locked Demodulation in Telemetry Re- 
ceivers, D. D. McRae. FM Capture Per- 
formance and Its Consideration in Receiver 
Design, A. W. Emmons. A Miniaturized Syn- 
chro Data Converter With a Two-Speed Output 
Designed For Airborne Telemetering Applica- 
tions, R. B. Owen. A Transistor Telemetering 
System for Conservation Research, J. Althouse 
and B. S. Skinner. 

Data Recording and Processing: Automatic 
Digital Readout System for Telemetry, E. J. 
Telander. A Unique Digital Analog Data 
Acquisition and Processing System tor Flight 
Testing, B. E. Applegate. New Design Philos- 
ophies in Dynamic Data Handling Systems, J. J. 
Dover. A Compact Telemetry Recorder, A. 
Malcolm and G. Bauer. Instrumentation for 
Airship Flight Test, R. Kramer. Data Process- 
ing With Magnetic Tape Recorders, B. Thompson. 

New Radio Frequency Techniques and Problems: 
An FM Receiver For Airborne or Ground Station 
Applications, C. Rosen. Automatic Control of 
Power in a Scatter Communications System, 
G. S. Axelby and E. F. Osborne. Radio Fre- 
quency Link Equipment for 2,200 Megacycle 
Telemetering, M. S. Redden, Jr. and H. Herman. 
A Terminal Ballistic Altitude Indicator, F. Enge. 

Dynamic Testing in the Space Age: A Pulse 
Position Telemetry System, L. Weisman and 
E. S. Teltscher. Hypervelocity Telemetry Ex- 
periments at The Arnold Engineering Develop- 
ment Center, M. K. Kingery. Instrumentation 
for Impact Testing by Means of Sleds, D. Gilliam. 
Collection and Presentation of Vibration Data, 
W. A. Schwarzmann. Telemetering With Mag- 
netic Modulators, H. L. Stiltz. 

Modulation Methods in Telemetry: Designers’ 
Dilemma—Electronic or Mechanical Multiplex- 
ing, M. M. Kranzler. Comparison of the 
Performance of PAM-FM and FM-FM Telem- 
etry Systems, D. Hochman. An Experimental 
Airborne PAM-FM Telemeter for Missile Ap- 
plications, T. D. Lusk. The Ground Station of a 
PAM-FM Telemetry System, F. F. Fulton, Jr. 
and S. A. Schwartz. Triple FM—A Practical 
Method for Increasing the Capacity of Telem- 
etering Systems, W. F. Janeway. 

The Instrumentation of Outer Space: Advanced 
Space Instrumentation Techniques, R. V. Wer- 
ner. Multichannel FM/FM Telemetering Sys- 
tem, L. Katz, D. I. Kosowsky, and C. R. Hurtig. 
Comparison of PPM and PCM for Radar Com- 
mand, S. Kazel. Transistorized ‘‘S’’ Band Bea- 
con System, E. Y. Politi. Radio Techniques As 
Applied to Space Technology, L. P. Yeh. Data 
Collection Problems in Second Generation Ballis- 
tic Missiles, L. Sackett. 

Recent Technical Advances in Commutators: A 
High Levei Magnetic Core Commutator, M. E. 
North and J. B. Crank. A New Miniature Auto- 
matic Pulse Demultiplex Set, L. Finkel. Low 
Level Magnetic Commutator, D. C. Kalbfell, 
I. D. L.’s Miniature, Low Level Commutator, 
C. A. Logan. 

New Telemetry Systems: A Simultaneous Non- 
Interfering Single Channel Servo and Voice 
Transmission System, C. A. Crafts and M. D. 
McFarlane. The Cricket Beacon—A Precision 
Beacon For Tracking Small Missiles and Drones, 
J. S. Spira and E. L. Gruenberg. A Modular 
Concept in Telemetry Data Acquisition Systems, 

P. Magasiny. New Techniques and Compo- 


nents For Industrial Telemetry and Remote Con- 
trol,S. M. Kurzet and H. A. McGee. 

Time Division Multiplexing Precision 
PDM/FM Telemetering System, H. S. Goldberg 
and C. Philnick. PDM/FM/FM “On Lower 
Subcarrier Frequencies, F. E. Rock. Pulse Code 
Modulation of Commutated Subcarrier Channels, 
T. D. Warzecha. A Transistorized All Electronic 
a Level Pulse Width Multicoder, J. A. Riedel, 

r. 


Electromagnetic Wave Propagation; Inter- 
national Conference Sponsored by the Postal and 
Telecommunications Group of the Brussels Uni- 
versal Exhibition, 1958. Edited by M. Désirant 
and J. L. Michiels. New York, Academic Press, 
1960. 730pp. $22. 

Contents: Ray-Geometry Considerations, for 
Highly Elevated Antennas, K. Toman. Uber 
die Fluktuation des atmospharischen Brechungs- 
index in Bodennahe; Ergebnisse einiger Messung- 
en mit einem Mikrowellenrefraktometer. (On 
the Fluctuation of the Atmospheric Index of 
Retraction Near the Ground; Results of Some 
Measurements with a Microwave Refracto- 
meter), R. Schiinemann. Researches on Back- 
scatter of Radiowaves, I. Ranzi. lonospheric 
Ray Tracing with Analogue Computer, M. S. 
Wong. Choix de |'Emplacement d'une Station 
de Base ou de Radiodiffusion en Ondes Métriques 
(Choice of Location for VHF Transmitters or 
Broadcasting Stations), |. Penninckx. On the 
Propagation of Correlation in Wave Fields, G. B. 
Parrent, Jr. Radio Wave Propagation Simula- 
tor, K. W. Otten. Ionization by Auroral Par- 
ticles, A. Ombholt. Diffractive Corrections to 
the Geometrical Optics of Low Frequency Prop- 
agation, J. R. Wait. Radiation from a Slot ona 
Large Corrugated Cylinder, J. R. Wait and A. M. 
Conda. A Rapid Beam-Swinging Experiment in 
Transhorizon Propagation, A. T. Waterman, Jr. 
Some Aspects of a Rigorous Scalar Treatment of 
Electromagnetic Wave Propagation, E. Wolf. 
Local Ground Wave Field Strength Variations in 
the Frequency Range 30-1000 MHz, A. Blom- 
quist. Comparison between Radio Wave Burst 
Emission on 3.2 cm and Contemporary Absorp- 
tion in the Ionospheric D-region, O. Hachenberg 
and H. Volland. A Simple Air/Ground Meteor 
Burst Communication System, P. R. Drouilhet, 
Jr., and K. W. Otten. Backscatter-Beobach- 
tungen an Telegraphie-Signalen (Backscatter 
Observations of Telegraph Signals), B. Beck- 
mann and K. Vogt. Atmospheric Bending of 
Radio Waves, B. R. Bean. Signal-Cancellation 
Techniques for Capturing the Weaker of Two 
Cochannel FM Signals, E. J. Baghdady. Sim- 
plified Method for Computing Knife-Edge Diffrac- 
tion in the Shadow Region, L. J. Anderson, L. G. 
Trolese, and S. Weisbrod. The Airborne Meas- 
urement of 1.36 m Fields to Ranges in Excess of 
900 Miles and at Altitudes from the Surface 
to 40,000 Ft., L. A. Ames, E. J. Martin, and T. F. 
Rogers. Instantaneous Electronic Ray Tracing 
Computer for the Solution of Electromagnetic 
Propagation Problems, P. Springer and R. Raw- 
houser. Invariant Imbedding and Wave Prop- 
agation in Stochastic Media, R. Bellman and R. 
Kalaba. The Propagation over an Inhomogene- 
ous Earth Considered as a Two-Dimensional 
Scattering Problem, H. Bremmer. Low Fre- 
quency Propagation in the Ionosphere, B. Fried- 
man. Inexistence d’une Onde de Surface sur une 
Terre Plane et Diélectrique; Comparaison aux 
Cas des Cylindres Diélectrique et Infiniment Con- 
ducteur (The Nonexistence of a Surface Wave ona 
Flat and Dielectric Earth; Comparison of the 
Case of a Dielectric Cylinder and an Infinite Con- 
ductor), C. Jauquet. Statistical Characteristics 
of Forward Scattered Radio Echoes from Meteor 
Trails, T. J. Keary and H. J]. Wirth. The Meas- 
urement of Electron Densities in the Outer 
Ionosphere, J. M. Kelso. lIonospheric Scintilla- 
tion of Cosmic Radio Noise, S. Gruber. Experi- 
mental Studies of Meteor Echoes at 200 Mega- 
cycles, J. L. Heritage, S. Weisbrod, and W. J. 
Fay. Radiation from Idealized Shock Excita- 
tion Currents in a Straight Conductor Rising 
from a Perfect Earth at an Arbitrary Angle, E. A. 
Lewis. Pulse Phase-change Signaling in the 
Presence of onospheric Multipath Distortion, 
S. G. Lutz, A. Losee, and A. W. Ladd. Low 
and Medium Frequency Radio Propagation, K. 
A. Norton. A Generalized Rayleigh Distribu- 
tion and its Application to Tropospheric Prop- 
agation, P. Beckmann Correlation of F2 
Layer Electron Density and Solar Activity in the 


Years 1938-1944, F. Mariani. Beyond-the- 
Horizon Propagation Characteristics at 3 000 
MHz, G. Carlson. Propagation Tests at 250, 
500, 1,000, 2,000 Mc/s on a 189 Km Path. F’ 
Carassa and P. Quarta. Precipitation Static on 
Modern Aircraft, P. W. Couch. Turbulence in 
the Lower E-Region from Meteor Echo Observya- 
tions, J. S. Greenhow and E. L. Neufeld. [uno- 
spharische Reflexionskoeffizienten im Langwe'llen- 
bereich (lonospheric Reflection Coefficients in the 
Long-Wave Spectrum), E. A. Lauter. Rouwnd- 
the-World Echoes, G. A. Isted. A Calculation 
Method of Ionospheric Propagation Conditions 
for Very High and Antipode Distance, E. Harni- 
schmacher. Meteor Activity as a Factor in 
Ionospheric Scatter Propagation, G. A. Isted, 
Diurnal Influences in Tropospheric Propagation, 
M. W. Gough. An Interesting Propagation 
Effect of Sputnik I, E. Dewan. Etude Physique 
du Feuilletage dans!’ Atmosphére (Physical Study 
of Layer Formation in the Atmosphere), F. du 
Castel, P. Misme, and J. Voge. The Applica- 
tion of the UHF Scatter Mode to Obtain Reli- 
able, Extended Range Aeronautical 
tions, L. A. Ames, E. J. Martin, and ‘1 
Rogers. Die Ausbreitung von VHF und U HF 
in unregelmassigem Gelande (The Propag: ation 
of VHF and UHF over Irregular Terrain), U. 
Kiihn (In German). Propagation Measurements 
at 858 Mc/s over Paths up to 585 Km, G. C. 
Rider. Intercomparison of Different Calculation 
Methods of the Sky-Wave Field-Strength, K. 
Rawer. On the Computation of Diffraction 
Fields for Grazing Angles, J. R. Wait and A. M. 
Conda. Sur le Réle des Phénoménes de Ré- 
flexion dans la Propagation Lointaine des Ondes 
Ultracourtes (The Role of Reflection Phenomena 
in the Long-Range Propagation of Ultrashort 
Waves), F. du Castel, P. Misme, and J. Voge. 
Tropospheric Scatter Developments, C. L. 
Mackey. Ergebnisse von kombinierten Back- 
seatter- und Impulsferniibertragungsversuchen 
(Results of Tests of Combined Long-Range Back- 
scatter and Impulse Transmission), W. Diemin- 
ger, H.-G. Mller, and G. Rose. Geomagnetic 
Control of Ionospheric Sertter Signals, H. §, 
Marsh. 


PHYSICS 


Solid State Physics, Vol. 10. Editors: Fred- 
erick Seitz and David Turnbull. New York, 
Academic Press, 1960. 516pp. $12. 

Contents: (1) Positron Annihilation in Solids 
and Liquids, Philip R. Wallace. (2) Diffusion in 
Metals, David Lazarus. (3) Wave Functions for 
Electron-Excess Color Centers in Alkali Halide 
Crystals, Barry S. Gourary and Frank J. Adrian. 
(4) The Continuum Theory of Stationary Dis- 
locations, Roland de Wit. (5) Theoretical As- 
pects of Superconductivity, M. R. Schafroth. 
Author Index. Subject Index. 


THERMODYNAMICS 


Theory of Detonation. Ia. B. Zeldovich and 
A. S. Kompaneets. Translated from the Russian 
(Moscow, 1955.) New York, Academic Press, 
1960. 284pp. $10.00. 

This volume is based on research conducted at 
the Chemical Physics Institute of the Academy 
of Sciences of the U.S.S.R. 

Contents: (1) Elements of Gas Dynamics. 
(2) The Detonation Regime and Lossless Com- 
bustion. (3) Theory of Detonation with Losses 
and the Limits of Detonation. (4) The Detona- 
tion of Condensed Explosives. (5) Motion of the 
Detonation Products. 


Flame Photometry. John A. Dean. New 
York, McGraw-Hill Book Co., Inc., 1910. 354 
pp. $11.50. 

The first ten chapters of this text and handbook 
are concerned with the theoretical and experi- 
mental basis for practical flame photometry 
Atomization, flame characteristics, and the use of 
organic solvents are dealt with in detail, as are the 
instrumentation and technique required in prac- 
tice. The remaining chapters are devoted to the 
consideration of the individual chemical elements 
that can be excited to emit radiation in a flame, 
and to application. There are, also, a selected 
bibliography, containing nearly 800 references, 
and an index. 

The author is Professor of Chemistry, Univer- 
sity of Tennessee. 


20-21, 1960—176 pages. 


IAS Member Price—$5.00 


New IAS Special Publication Now Available 


Proceedings of the IAS National Symposium on Hypervelocity Techniques, held in Denver, Colo., October 


Nonmember Price—$10.00 
Special Publications Dept., IAS, 2 E. 64th St., New York 21, N.Y. 
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Personnel 


This section is for the use of individual members of the Institute 
seeking new connections and eligible organizations offering em- 
ployment to specialists in the aerospace industry. Any member 
or eligible organization may have requirements listed without 
charge by writing to the Secretary of the Institute. 


Wanted 


Senior Design Engineer— Degree and minimum 
of 10 years’ experience on proposal and basic 
design work in the sophisticated packaging field. 
(Examples: Specialized containers for missile 
components, missiles, electronic components, and 
allied applications where something beyond the 
standard can-type container is required.) Apply 
to Aeronca Manufacturing Corp., Aerocal Divi- 
sion, 24751 Crenshaw Blvd., Torrance, Calif. 
Employment Office, DAvenport 6-8220. 

Professor—to teach undergraduate and gradu- 
ate courses in aerospace engineering including 
gas dynamics, high-speed aerodynamics, and 
missile mechanics. Background in propulsion 
desirable. Attractive opportunity for supple- 
mentary research and consulting. An excellent 
opportunity for experienced man with Ph.D. to 
take charge of activities in these areas and to 
develop laboratories in a completely new and 
modern physical plant now nearing completion. 
Salary and rank commensurate with educational 
background and experience. Immediate appoint- 
ment possible. Address inquiries and furnish 
complete data to Prof. L. Z. Seltzer, Dept. of 
Aero-Space Engineering, West Virginia Uni- 
versity, Morgantown, 

High-Temp Plastics Engineer—to develop and 
apply high-temperature ablative plastic materials 
similar to those used for nose cones or rocket 
nozzles. Background in resin chemistry with 
experience in glass, asbestos, refrasil materials 


desirable. Knowledge of fabrication techniques 
also desirable. Call J. Theibert collect at 
IVanhoe_ 1-7500. Tapco Group—Thompson 
Ramo Woolridge, Inc., 23555 Euclid Ave., Cleve- 
land 17, Ohio. 

Project Engineer—to head up packaging de- 
velopment section. Degree and 5 years plus 
experience in design and testing of sophisticated 
military packaging, including electronic and 
missile component containers. Apply to Aeronca 
Manufacturing Corp., Aerocal Division, 24751 


Crenshaw Blvd., Torrance, Calif. Employment 
Office, DAvenport 6-8220. 
983. Aircraft Structures Eng —Challeng- 


ing opportunity with research organization in 
Southwestern U.S. for resourceful engineer to 
apply his individual talents in conducting studies 
and investigations of aircraft structural design as 
related to occupant survival in accidents. Re- 
sponsibilities include direction and operation of 
dynamic test programs, analysis and interpre- 
tation of test data and statistical information, 
preparation of reports and articles defining design 
problems and recommending improved design 
concepts, and participation in industry- wide 
safety activities. Aeronautical engineering de- 
gree required, with minimum 10 years in av iation, 
at least 5 years in structures engineering; air- 
craft operations (commercial or military); flight 
and structures testing; piloting (desired, but not 
essential). Salary open. 


Available 


990. Sales-Oriented Aeronautical Engineer— 
B.Aero.E.; 21 years’ aircraft and missile engi- 
neering. Preliminary design and proposal prep- 
aration, diversification planning, sales engineer- 
ing. Have maintained good analytical capability 
in structural and mechanical specialty. 


989. Engineering Executive—B.S.E.E., M.S. 
in A.E. (California Institute of Technology, 1949). 
Age 43. Former Naval Aviator. Wide expe- 
rience in both operations and R&D. Some under- 
graduate teaching experience. Two patents, 
published papers, and executive experience over 
wide range. Presently in Polaris program. De- 
sires executive position with major contractor, but 
also interested in university assignment. Résumé 
on request 

988. Graduate Aeronautical Engineer—16 
years’ experience in structural design, preliminary 
design, and design proposals of airplanes, VTOL 
aircraft, and missiles. Broad scientific interests. 
Desires responsible position. 

987. Aeronautical Engineer—B.S. degree, 
age 28. Commercial pilot, SMELS, instrument, 
ex-naval aviator, one year experience in research 
and or a light aircraft field. Interested 
in research and development work in flight test 
engineering. Complete résumé on request. 


986. Engineer—19 years’ experience in_air- 
craft and missile maintenance and service field of 
which 15 years has been in electronic and electrical 
component manufacturing, servicing, hardware, 
and packaging activities. Has been the sole 
representative of Radioplane with outside vendor 
activities relating to methods of repair, salv. age of 
parts, necessary drawings, and _ engineering 
changes. Has knowledge of plastics—etched 
circuitry—terminal board design, and manu- 
facturing. Has thorough knewledge of military 
service regulations and specifications. 


985. Military Electronics Engineering Man- 
ager—B.S. and M.S. in Aeronautical Engineering 
(Instrumentation). Fourteen years’ experience 
in military aircraft and electronic industries 
ranging from guided missile system and sub- 
system development through customer liaison 
for applied research programs to planning, im- 
plementation, and administration of R&D pro- 
grams as chief engineer's assistant. Interested in 
responsible management position with scientific 
organization in Northeast U.S. or in establishing 
(or operating) scientific liaison operation in 


Europe. 
984. Senior Project Engineer— M.S. Ae.E.; 
B.Ae.E.; age 35. Ten years’ experience in 


aerospace industry. Administration of diversi- 
fied projects for aeromechanical design and evalu- 
ation of rockets, turbojets, internal combustion 
engines, supersonic wind tunnels, aircraft struc- 
tures, inertial guidance, and research instrumen- 


tation. Desires staff position in predesign or 
R&D. Résumé upon request. 
982. Aeronautical Engineer—B.Aero.E., age 


27. Five years’ experience in the aircraft in- 
dustry—2 years supervising wind testing of 
VTOL vehicles, 3 years in theoretical aerody- 
namics and_ aircraft design. Demonstrated 
ability in achieving working integration of aero- 
dynamic, mechanical, and electrical concepts. 
Looking for a responsible position with growth 
potential in an expanding organization. East 
Coast preferred. Complete résumé on request. 


981. Project Engineer—Age 39, M.S.Ae. 
18 years’ experience in the aircraft industry 
—structures, preliminary design, project en- 
gineering, and project management. Top-notch 
technical and administrative talents. Desires 
growth situation with advanced aerospace vehicle 
or component manufacturer. 


The number preceding the notice represents the 
Box Number of the Institute of the Aerospace 
Sciences, Inc., 2 East 64th Street, New York 21, N.Y., 


to which inquiries should be addressed. 
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A word 
about 

our 
Advertisers 


The many companies whose 
advertising appears in this issue 
are interested in you and your 
work. They are anxious to let 
you know what they are doing 
to help you solve research and 
design problems in _ missile, 


rocket, air, and _ spacecraft 


projects. 


AEROSPACE ENGINEERING’S 
advertising pages keep you 
posted on new and improved 
materials, components, services, 
and supplies useful to your 


professional work. 


To request more information 
on any product or service ad- 
vertised, may we suggest you 
write to the advertiser directly, 
at no obligation to you. It 
would be greatly appreciated if 
you would mention that you 
saw the ad in AEROSPACE 


ENGINEERING. 


/ 


2 E. 64th St., New York 21,N.Y. 
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zations; etc. 
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